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THE ZONE OF LOCALIZATION OF ANTITISSUE ANTIBODIES AS 
DETERMINED BY THE USE OF RADIOACTIVE TRACERS* 


Davip PRESSMAN, PH.D., New York, N. Y. 


UCH research has been carried out in the field of antitissue antibodies, 

especially in connection with certain diseases which appear to have an 
etiology of autoimmunization in which the mechanism of the disease process is 
a production by the individual of antibodies against his own tissues and a sub- 
sequent reaction of these antibodies with the tissues involved. Some diseases 
which are said to be of this eategory are glomerulonephritis, multiple sclerosis, 
rheumatie heart disease, periarteritis nodosa, lupus erythematosis, ete. 

If it is an antibody which causes these diseases, then the antibody pre- 
sumably goes to the tissue involved and it would be important to demonstrate 
that the damaging antibodies do localize in the tissue. 

Another aspect of antitissue antikodies which has been investigated since 
the turn of the century is the use of antisera prepared against malignant tissue 
in the treatment of cancer.’ Since antisera against infectious agents have 
been found effective in combating the corresponding diseases, it was reasoned 
that antisera prepared against cancer tissue might be effective in combating 
cancer. 

The sera were produced by injecting tissue homogenates or fractions of 
tissues into rabbits. The rabbits were then bled and the serum thus obtained 
was used therapeutically. Unfortunately, the results obtained by earlier in- 
vestigators were quite equivocal. The failures to obtain positive results may 
have been due to one or more of the following: (a) The sera may have con- 
tained no antibodies which would react with any part of the tissue. This is 
unlikely since antibodies of some sort can usually be obtained by such a pro- 
cedure. (b) The sera may have contained antibodies which cross-reacted 
with other tissues and were completely taken up by the other tissues. (¢) The 
sera may have contained specific antibodies for components inside the tumor 
cells, but could not reach these intracellular components and affeet them. (d) 
The sera may have contained antibodies which did localize in the tissue, but 
did not produce an observable physiological effect, and, since the results were 
actually dependent upon a physiological effect of the antiserum, negative re- 
sults were recorded. 

From the Sloan Kettering Institu'e for Cancer Research, New York, N. Y. 


: **n address given at the Eighth Annual Meeting of the American Academy of Allergy, 
New York, N. Y., Feb., 1951. 





387 





ae 2 =e 


esse RSs BES 5s 88 
et ae te wae G6 





388 THE JOURNAL OF ALLERGY 


Actually, with transplanted tumors, it has been shown by several in. 
vestigators** that exposure of the tissues to homologous antisera, before trans- 
planting, destroyed the ability of the tumor to propagate, and here we have 
evidence of a physiological effect of an antitumor antiserum. 

In a reinvestigation of the field of tissue and tumor immunology, apply- 
ing the new methods of tracer chemistry, it seems reasonable that it must first 
be demonstrated that there is something in an antiserum prepared against a 
malignant or normal tissue which actually goes to the tissue in question, 
This can be accomplished ky the use of radioactive tracers. If an antiserum 
against the tissue is prepared and the antibodies are tagged ky coupling them 
with radioactive substances, or by having radioactive elements incorporated 
in the antibody molecule, disposition of the antikody, after its injection, ean be 
traced by the disposition of radioactivity. Further, it is not impossible that 
if antibodies can be found which go specificially to a certain tissue, they can 
be made to earry physiologically active amounts of radioactivity to the tissue. 
Thus, reliance need not be placed upon the capacity of the antibodies them- 
selves to produce a physiological effect. In our studies which are being re- 
viewed here, we have shown that it is possible to label antibodies with radio- 
active tracers without destroying their antikody activity, and we have shown 
that it is possikle to trace the localization of antikidney antibodies in the 
kidney and the localization of antilung antibodies in the lung. 


LABELED ANTIBODIES 


The fact that various substances can be coupled to antibodies without 
destroying the ability of the latter to combine with antigen has been shown 
previously. Thus, as early as 1930, Reiner showed that arsanilie acid could 
be diazotized and coupled to antibodies without destroying antibody specificity.’ 
It is not too surprising that this is possible since the antibody molecule is very 
large, with a molecular weight about 160,000. The molecule is about 200 A 
(Angstrom units) long and about 40 A wide, from physical measurements,® 
and the antibody specific region is probably only a small part of the surface of 
the molecule. Thus all the remaining surface would be available for carrying 
coupled materials with no effect on the specific region. Marrack was able to 
couple a red dye to antityphoid serum, and showed that the typhoid bacteria 
were colored red when agglutinated with the antiserum. The serum was 
labeled by coupling ‘‘R-salt’’ to one end of bisdiazotized benzidine, and the 
serum to the other.® Later, Coons, Creech, and Jones!® prepared a labeled 
antipneumococecus (type 3) serum by coupling the antiserum with B-anthrylso- 
eyanate to form a serum containing #-anthrylearbamido groups. Pneumo- 
coceus (type 3) organisms, when agglutinated with this serum, showed a 
blue fluorescence. Then Coons, Creech, Jones, and Berliner coupled fluorescein- 
4-isocyanate with antiserum against type 3 pneumococcus. Pneumococcus (type 
3) organisms, when agglutinated with this serum showed a green fluorescence. 
They were able to show the presence of these pneumococci in tissues by means 
of this antiserum. Their technique was to sacrifice an animal heavily infected 
with the pneumococeus, prepare slides of the various tissues, and stain the slides 
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with the fluorescein-labeled antiserum. The regions of the tissues which showed 
the green fluorescence were considered to be those containing either the pneumo- 
eoeci or the specific polysaccharide. Coons has since continued this work using 
such labeled sera as specific histological stains to determine the localization of 
various injected antigens."' 

In all the labelings so far deseribed, definite chemical bonds were formed 
between the antibody and the material coupled. For instance, the diazotized 
compounds coupled with the tyrosine, and perhaps with the histidine, to form 
an azo linkage. The isocyanates coupled with free amino groups of the protein 
to form earbamido linkages. MeClintoek and Freidman’ ‘‘ecombined’’ uranium 
malachite green with antibodies against pneumococcus polysaccharide, and 
showed localization of the dye or uranium in regions which had been heavily 
infiltered with the pneumococecus polysaccharide. 

For our initial work, using radioactive labels, we chose radioiodine I'*'. 
It has an advantage in that iodine will directly iodinate the tyrosine, and 
probably the histidine,’* forming a definite bond with the protein molecule ; 
also, iodine is easily obtained, easily counted, and has a convenient half life. 
The half life is long enough for one to carry out experiments with a single 
preparation over a period of several weeks. However, the time is short enough 
so that any possible contamination decays within a reasonable length of time. 
The experimental procedure for radioiodination is rather simple. Iodide ion is 
mixed with radioactive iodide ion obtained from Oak Ridge, Tennessee. The 
iodide is then oxidized to iodine with sodium nitrite solution and the protein 
to be iodinated is added to this iodine mixture. The reaction takes place accord- 
ing to the following equation : 


21- + 2H* + 2HNO, — I, + 2NO + 2H.O 


OH OH 
I+ 0H-+f) > ( 


| i + HO + I- 
| 
\ ys 

| | 

The method used for determining the amount of radioactivity in a solution 
is simple. The solution is made alkaline with sodium hydroxide and is poured 
into a metal cup. The water is evaporated under an infra-red lamp and the 
‘adioactivity in the solid residue determined with a Geiger Counter. 

The iodination of antisera was first carried out by Brein] and Haurowitz" 
who showed that increasing degrees of iodination decreased the antibody 
activity of certain horse antisera. We have shown that when antiovalbumin 
serum is moderately iodinated so that it still retains serological activity, the 
antibody molecules do contain iodine,'’® since the specific precipitate formed 
with ovalbumin contains radioactivity. The radioactivity is not brought down 
nonspecifically in the precipitate. 
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THE LOCALIZATION OF ANTITISSUE ANTIBODIES 


Since we had shown that antibodies ean be labeled with radioactive sub. 
stances, the next step was to prepare an antiserum against the tissue and to 
follow the localization of the antibody by the use of a radioactive tracer. For 
this step, we chose to study antisera prepared against rat kidney.’® Such sera 
were demonstrated by Masugi'® to be nephrotoxic, and since then have been 
studied in several laboratories.'*!° Since this serum produces definite physio- 
logical changes it seemed logical that if the antibody were labeled it should be 
possible to follow it to the kidney. 


The Localization of Antikidney Antibody.—Antisera against rat kidney 
tissue were prepared in rabbits according to the method of Smadel.’’ The 
globulin was separated by fractional alcohol precipitation, and subsequently 
iodinated with iodine containing tracer concentrations of I'*'. Rats were 
injected with this radioiodinated globulin fraction of antikidney serum. Con- 
trol rats received a similarly prepared radioiodinated globulin of antiovalbumin 
serum. After 4 days the animals were sacrificed and perfused to remove any 
radioactivity which might have been present in the blood. Finally the tissues 
were analyzed and it was found that there was a definite accumulation of 
iodine in the kidneys of the animals which had received antikidney antibody. 
With the antiovalbumin serum there was practically no uptake in the kidney. 
Thus there is a substance, presumably antibody, present in the antikidney 
serum and absent in antiovalbumin serum which localizes in the kidney. While 
there is some increased uptake of radioactivity in other organs when anti- 
kidney serum is administered, it is less than that found in the kidney. Such 
cross reactions are probably due to the presence of common antigens in the 
various organs. There remains the possibility that the localization of radio- 
iodine in the kidney is not directly due to the radioantibodies remaining in the 
kidney, but that it may be due to an ability of the antikidney serum to 
sensitize the kidney so that it can take up various substances such as 
‘adioiodinated proteins nonspecifically. This possibility, although it seemed 
unlikely, was investigated and was found not to be the case.*° This was 
demonstrated by inoculating one group of animals with a radioiodinated anti- 
kidney serum, another group with radioiodinated antiovalbumin serum, and 
a third group with a mixture of radioiodinated antiovalbumin serum and a 
nonradioactive, but iodinated, antikidney serum. Radioiodine was taken up in 
the kidneys of rats of the first group, but not those in the second and third 
groups, showing that the iodinated antikidney serum did not cause an altera- 
tion of the kidney so that it would pick up the radio-antiovalbumin serum. 

We have repeated these experiments with antisera to mouse kidney and 
found similar localization of radioactivity in the kidneys of mice injected with 
the radioiodinated antimouse-kidney serum.?!| There appear to be no differ- 
ences among several strains of mice which we have studied. Moreover, anti- 
bodies prepared against rat kidney localize in mouse kidney and antibodies 
prepared against mouse kidney localize in rat kidney. 
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Antikidney serum contains a good many proteins other than localizing 
antibody. In our experiments, we have used the globulin fraction of the serum 
to decrease the amount of nonspecific protein injected. Nevertheless only a 
small part of this globulin fraction is actual localizing antibody and, since 
the iodine is distributed over the various protein molecules in this fraction, 
only a correspondingly small portion of the iodine can localize in the kidney. 
Moreover, antibody iodinates at only one-half the rate at which the whole of 
the globulin fraction iodinates, and thus twice as much antibody protein is 
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fixed as would appear from the localized radioactivity.” 





A. B. 

Fig. 1.—Radioautographs of sections of kidney tissue (A) from mouse injected with 
radioiodine labeled anti-mouse-kidney serum; (B) from mouse injected with radioiodine 
labeled anti-mouse-plasma serum. The intense dark spots in (A) are due to localized radio- 
antibody.2* (Permission has been granted by Science to reproduce the above figures.) 

The antibody which is localized in the kidney remains for a very appre- 
ciable length of time. In the case of mice receiving iodine?! or surfur-labeled 
antimouse-kidney antibodies,?* the half life of the antibody was found to be 
20 to 21 days. This means that after 20 days one-half of the original antibody 
localized in the kidney remains in the kidney and one-fourth remains after 40 
days. The half life was determined by injecting mice with the radiolabeled 
globulin fraction from antikidney serum, and analyzing them after various 
lengths of time. With the radioiodine-labeled antibodies, the localization was 
followed for 54 days (almost three half lives) and the disappearance of the 
antibody followed very closely a first order relationship for removal. From 
this relatively long half life of the antibody in the kidney it would appear 
that the antibody is probably fixed to the tissues in such a way that it cannot 
be removed by the phagocytie cells. 

We have been able to determine more precisely where the localization 
takes place by the use of radioautographs.** ** By such technics we were 
able to show that the localization takes place in the glomerulus to a high 
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concentration, where it appears limited to the glomerular tuft. Fig. 1 shows 
radioautographs of sections of the kidneys of 2 mice, one of which had received 
radioiodinated antikidney serum and the other radio-iodinated antimouse- 
plasma serum as a control, The same amount of radioactivity was injected in 
each case. The radioautographs were prepared by exposing the tissue section 
to the radiographic plate and then removing the section before developing the 
plate. The kidney section of the animal receiving antiovalbumin serum shows 
practically no localization, whereas the section from the animal receiving anti- 
kidney serum shows a punctate distribution of radioactivity. By matching 





A. B. 

Fig. 2.—Radioautographs showing the glomerular localization of radioactivity from 
radiosulfur labeled anti-mouse-kidney serum (A) as compared with that from labeled anti- 
ovalbumin serum (B). The sections were stained while still in position on the radiographic 
plate. The intense darkening in the region of the glomerular tuft in (A) is due to localized 
radioantibody.™* (Permission has been granted by The Journal of Immunology and the 
Williams and Wilkins Company to reproduce the above figures. ) 


up the original section with the radioautograph, it is possible to show the 
correspondence of these ‘‘hot spots’’ with the glomeruli of the section. 
Similar radioautographs are shown in Fig. 2 but here the section was left in 
place following exposure and during the development of the radiographic 
plate and the staining of the section. One can then match the structures in 
the tissue with the black regions of exposure on the radiographie plate directly 
underneath. It is obvious that localization takes place in the glomerular tuft 
and that Bowman’s space is free of radioactivity, as are the tubules. 

It is significant that, whereas others have found foreign proteins localized 
in the tubular cells and not in the glomeruli," 2° 27 the localization of the anti- 
kidney antibodies takes place in the glomeruli and not in the tubules. Of 
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course, some accumulation of radioactivity in the tubules was to be expected, 
since the rabbit serum is composed of proteins foreign to the rat and mouse, 
but the concentration found in the tubules was too low to affeet the radio- 
graphic plate. Actually, we have been able to ecaleulate that the eoncentra- 
tion of the radioactivity in the glomerulus is at least 30 times the average con- 
centration of the radioactivity in the whole kidney. Although we have sue- 
eeeded in localizing an amount of antibody in glomeruli equivalent to 3 per 
eent of the weight of the glomeruli there was no apparent saturation even 
at this level.** 

We have also measured the rate of localization of antikidney antibody 
and it becomes fixed almost immediately on contact with the kidney.*® 
Possibly, it is all taken up during a single passage through the kidney. The 
rate of localization was determined by injecting mice with radioiodinated 
antikidney serum, removing samples of blood at different times and injecting 
the blood into recipient mice to assay for localizing radioactivity. We found 
that within 18 minutes, all of the localizing radioactivity was removed from 
the circulation of the donor mouse. This represents a half life of the localizing 
radioactivity in the blood stream of about 5 minutes. These results are in 
agreement with those of Sarre and Wirtz who found by an experiment 
involving the clamping of a renal artery that the nephrotoxic factor of an anti- 
kidney serum was effectively removed from cireulating blood within 15 
minutes.*° 

Identity of Localizing Antibody and Nephrotoxic Factor—A feature of 
considerable interest emerges from a comparison of our results*! with those of 
other workers'*'® who have been concerned with the nephritis-producing 
property of antirat-kidney rabbit serum. Smadel'’ found that kidney tissue 
homogenates effectively absorbed from nephrotoxic antirat kidney rabbit 
serum its nephritis-producing property. We have shown that a similar 
homogenate absorbs the kidney-loealizing radioantibody. This correspondence 
is further indicated by the experiments of Heymann and Lund and of 
Solomon, et al.'* The former authors showed that nephrotoxie antikidney 
serum is produced by the injection of kidney cortical tissue but not by kidney 
medullary tissue. The latter authors demonstrated that isolated glomeruli 
effectively absorb the nephrotoxie factor from antikidney serum. 

Smadel demonstrated that liver tissue could likewise absorb the nephro- 
toxie factor from antikidney serum although less effectively than does kidney 
itself. He showed further that the extraction of kidney tissue with organic 
solvents does not impair its capacity to absorb the nephritis-producing factor. 
Our results demonstrate an identical behavior for the kidney-localizing anti- 
body. 

The parallel between our results and those of others strongly suggests 
that the nephritis-producing factor and the kidney-localizing antibody of anti- 
kidney serum are identical. 

Microscopic Localization of Antikidney Antibodies——We believe that the 
localization of the antikidney antibody takes place on the vascular bed of the 
kidney, since it is removed from the circulation so quickly,?” *° but so rapid a 
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removal of antibody from the blood stream would require extensive, intimate 
contact between the blood stream and the antigen responsible for the localiza- 
tion. Such contact probably obtains only between the blood and the vascular 
endothelium, or perhaps the vascular bed, of the organ showing specific loeali- 
zation. If the labeled antibody must pass through the vascular bed into the 
tissue spaces, and then into the extracellular circulation in the lymph prior to 
fixation the process would be too slow to account for its rapid localization. It 
seems likely that localizing antibodies are those formed against cell surface anti- 
gens which lie in direct contact with extracellular fluids, so that the antibody 
ean be fixed by the cell without entering it. 

Nonlocalizing Antikidney Antibodies——Antikidney sera invariably contain 
considerable antibody directed against the soluble fraction of a kidney homog- 
enate. However, absorption of antikidney sera with saline extracts of kidney 
fails to remove any of the localizing antibody*' so that titers as determined with 
such extracts are meaningless. Moreover, as Smadel'’ has pointed out, there is 
no correlation between the precipitin titer of a serum and its cytotoxic potency. 
It would seem likely, therefore, that such precipitins are directed against intra- 
cellular kidney antigens, and since antibody molecules do not pass readily into 
the cell, specific localization does not take place. Presumably the circulatory 
antikidney antibodies which Lange, Gold and Simon*? found in the blood of 
patients suffering from glomerulonephritis were of the nonlocalizing type. It 
is probable that any cytotoxic antibodies present in glomerulonephritis are re- 
moved from the circulation as rapidly as they are formed. 

Antirat-Lung Antibodies—We have carried out similar experiments with 
antisera prepared in the rabbit against rat lung tissue** ** and found that these 
sera contained antibodies which localize in the lung and also in the kidney. 
Kidney-loecalizing antibodies may be partially separated from lung-localizing 
antibodies by absorbing antilung serum with acetone-extracted kidney tissue 
sediment. This separation indicates that rat lung probably contains some anti- 
gen not present in kidney tissue. The properties of the kidney-localizing com- 
ponent of antilung serum are very similar to those of the kidney-loealizing com- 
ponent of antikidney serum, i.e. both substances localize strikingly in glomeruli, 
disappear slowly from kidney, and are absorbed by that fraction of kidney 
homogenate which is insoluble in saline, acetone, aleohol or ether. Thus, rat 
lung and rat kidney possess antigenic substances which are identical or, at 
least, very closely related. 

Since the nephrotoxie factor and the kidney-localizing antibodies of anti- 
kidney sera appear identical, and since the kidney-localizing antibodies of anti- 
kidney and antilung sera are similar if not identical, we would expect that anti- 
lung sera would be nephrotoxic, Indeed, Chikamitsu*®’ reported that antirabbit- 
lung serum, prepared in ducks, results in a form of glomerulonephritis in rabbits 
which is essentially the same as the classical experimental nephritis produced in 
rabbits by antirabbit-kidney duck serum. On the basis of his finding, Chika- 
mitsu eoneluded that the nephrotoxic effects of antikidney and antilung sera 
are due to antibodies directed against blood vessels in general. This argument, 
which is supported by our results, is also consistent with the observations of 
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Seegal and Loeb** regarding the production of glomerulonephritis in rats by 
antirat-placenta rabbit serum, and with Smadel’s demonstration’ that a liver 
homogenate can absorb the nephrotoxic factor of antikidney serum. 

It has been proposed that human glomerulonephritis may result from con- 
version of kidney tissue into an antigenic form by some undefined mechanism in- 
volving a streptococcal infection with a resultant formation of antikidney auto- 
antibodies. If this is so, then the foregoing situation suggests that antibodies, 
eapable of producing glomerulonephritis, might well arise from the inter- 
action of streptococci with pulmonary tissue, or perhaps even with vascular 
connective tissue in general, rather than from the reaction with kidney tissue 
exclusively. 

The experiments described in this paper demonstrate the use of radio- 
active elements as tracers in determining a localization of antitissue antibodies 
in tissue at concentrations much below those which are required to produce a 
physiological effect. There is also the possibility of antibodies being able to 
carry therapeutic amounts of radioactivity to a tissue. The preparations of 
iodinated antibody that we have been using usually contain about 0.5 per cent 
iodine. This means that 1 mg. of antibody protein, which ean localize in the 
tissue, carries 5ue@ of iodine and would correspond to about 100 millicuries of 
iodine if all the iodine were radioiodine. One would certainly expect a physio- 
logical effect from such large amounts of radioactivity. 
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THE PHYSIOLOGY OF THE PULMONARY CIRCULATION* Tf 
W. F. Hamiuron, Pu.D., Auausta, Ga. 


Y DISCUSSION will be in review of things that we learned and forgot in 
M medical college, and also of some of the facts that have been added to the 
physiology of pulmonary circulation in recent years. 

Pulmonary function is one of the most important and perhaps the weakest 
link in the economy of the body. A most elaborate mechanism has been developed 
for the purpose of aerating the blood. The lungs are an ingenious structure for 
presenting a very large surface, richly supplied with blood, to a carefully 
moistened atmosphere that is regulated according to its chemical composition so 
as to serve well the purposes of respiration. The alveolar area is said to be of the 
sizeof a tennis court. The anatomists estimate that if all of the alveoli were laid 
out side by side and flattened their area would be 65 or 70 square meters. They 
also estimate that if a dog the size of a man had his lungs laid out in that same 
fashion, his alveolar area would be about the size of a baseball diamond. The 
dog is a much more effective athlete than the human being, and one reason for 
that is the fact that he has much larger and better lungs than man. 

The pulmonary circulation has the function of delivering a layer of blood 
about .01 mm. in thickness to this very large surface. It is spread out over this 
tremendous area and taken up again in an average period of 6 seconds. During 
those 6 seconds, the blood remains in the pulmonary capillaries from one-tenth 
to one-hundredth of a second. It is in this short time that the respiratory 
exchange takes place. 

The apparatus with which this marvelous feat is performed consists of a 
web of fine membranes and tubules, compared with which a cobweb would be very 
coarse stuff indeed. There is also a weak pump, which could not send a jet of 
blood more than a few inches high. This illustrates the fact that only a very 
small amount of energy is needed to spread the blood over the alveolar surface 
and take it up again. 

The lungs have the richest blood supply in the body. We estimate that the 
lungs weigh 1,000 Gm. and, since 600 Gm. of this is blood, the tissues of the lungs 
themselves spread out over this great area weigh only 400 Gm. The cardiac 
output is something like 100 ml. per second. The blood supplied to the lungs 
equals the weight of the lungs in a period of 4 seconds. The blood supplied to 
the whole body equals the weight of the whole body in a period of 15 minutes. 
Therefore, the supply of blood to the lungs is on the average 200 times as rich as 
that of the body tissues. 

This elaborate setup is quite necessary for the purpose of maintaining the 
body economy. It is generally accepted that the earbon dioxide of the alveolar 
air is in equilibrium with the arterial blood as it leaves the lungs; in other words, 

*From the Department of Physiology, Medical College of Georgia, Augusta, Ga. 
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the blood is in the lungs a sufficient length of time with sufficient area of 
exposure to get a complete equilibrium of carbon dioxide. Assuming this to he 
true, and the evidence is good, it should be possible to take into account the 
comparative physical properties of oxygen and CO, and tensions of oxygen and 
CO, in the arterial blood and calculate the amount of spread that there is be- 
tween the tension of oxygen in the lung air and the tension of oxygen in the 
arterial blood. It is found on the basis of most calculations that normally there 
is an average spread of 9 mm. of oxygen tension between the arterial blood and 
the alveolar air. That means that in order to maintain 100 mm. of oxygen 
tension in the arterial blood, it is necessary to have 109 mm. of oxygen tension in 
the alveolar air.’ 

This gradient of pressure, or this amount of difference between alveolar air 
and arterial blood, increases with exercise. With ordinary exercise it is necessary 
to have 2 or 3 times that gradient to force oxygen into the blood at the rate 
involved in exercise. That means that in order to oxygenate the blood—and we 
usually do keep it pretty well oxygenated during exercise—it is necessary to 
pump a tremendous amount of air in and out of the lungs and thus to pump 
the e\vcolar oxygen tension up to a high figure in order that oxygen may appear 
in the arterial blood at a normal or adequate tension. 

That in turn means a great deal of effort. We all know what effort it is, 
particularly as we get older. To carry on the respiration that is necessary to 
negotiate a flight of stairs or any other mild bit of exercise involves a rather 
unpleasant respiratory struggle. This struggle becomes more and more difficult 
as we deteriorate from the days when we were really adequate physiologic 
machines—and most of us are not that at the present time. 

This respiratory difficulty is what sets the limit to our performance of 
physical work. It sets the limit to our doing things for ourselves, and makes us 
take the elevator instead of the stairs, and so on. To speak more technically, it 
is this discomfort that limits the size of our oxygen debt, and causes us to let up 
in our efforts before we run the risk of damaging ourselves and often, unfortu- 
nately, before our task is done. It is fair to say then, that our breathing or our 
respiratory mechanism is the bottleneck that limits physiologic effort, physiologic 
activity. 





Circulation through the lungs has been a subject of interest for many vears. 
It was measured in early days by those who felt that we should control and 
understand in detail all of the experimental variables that go into a procedure, 
without regard to the fact that in doing so we eliminate the reality of the 
physiologic response. In other words, they made heart-lung preparations or 
perfused lungs after they had been removed from the body. As a result of 
eareful techniques to control and measure all variables they found themselves 
working not with lungs but with fragments of pulmonary tissue. They got some 
very false ideas which still pervade the textbook literature, as to the nature of 
the circulation through the lungs. (For reviews of the older literature see 
References 2-5.) 

The difficulties involved are, first, the fact that abnormal solutions were used 
to perfuse the lungs. Blood was diluted so that it filtered out through the 
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capillaries and caused edema. Blood was traumatized in defibrination so that it 
released constrictor substances. In some experiments the lungs were cold. The 
net result of this constriction and edema was that the resistance to flow through 
the lungs in these earlier experiments was such that the flow through the lungs 
was found to be one-tenth of what it really is in the normal animal at the pres- 
sures which had been measured and known to obtain. These figures were ac- 
cepted as accurate, though it could easily have been seen that blood flows of 
one-tenth the true figure could never have supported life. When the lung vessels 
are in an abnormally constricted state, small fluctuations in blood supply or 
small amounts of further constriction or dilatation produced marked effects on 
flow and pressure. Thus various authors reported contradictory effects from 
sympathetic and parasympathetic stimulation or from changes in coronary or 
bronehial artery flow. It is now known that these things produce no effects 
whatever against the background of the full-blooded normal lung. 

But there was also contradictory evidence available at that time. The chest 
surgeons and earlier experimentalists had found that cutting off the circulation 
through a whole lung would produce in the normal animal very little change in 
the pressure of the pulmonary arterial blood in the other lung. Back in 1919, 
Dunn® found that exercise could double the cardiae output with no significant 
change in pulmonary arterial pressure. Recent experience with drugs and with 
exercise in man has confirmed the fact that pulmonary flow may increase at 
least twofold with no appreciable increase in pulmonary arterial pressure.?** 

In order that this may happen there must be an increase in the caliber of 
the pulmonary arterioles that exactly keeps pace with the increase in flow. 
Pulmonary vascular resistance must automatically fall as flow rises. 

The earlier workers thought that reflex mechanisms were responsible for 
the regulation, but the reflex mechanism has never been worked out. Nobody 
has found pressure receptors that reflexly maintain constant pressure in the 
pulmonary artery. A simpler and more widely accepted view is that the 
pulmonary vascular bed is so easily distensible that whenever a larger amount 
of blood is foreed through the lung, it distends the arterioles and capillaries, 
opening them up to permit freer flow. The larger amount of blood simply pushes 
its way through these readily distensible capillaries and arterioles without rais- 
ing the pressure in any great degree. 

Another factor which has led to confusion in the study of the pulmonary 
arterial pressure has been the fact that the venous pressure is much higher in 
the pulmonary bed than it is in the systemic bed, the arterial pressure, much 
lower. Thus a change in the venous pressure, within physiologic limits, will by 
propagating back through the lungs produce a similar change in pulmonary 
arterial pressure. This has given rise to the idea that the arteries of the lungs 
had constricted when the pressure rise was merely propagated back from the 
pulmonary vein. 

In order to work out accurately and understandingly the factors which 
govern the pressure of the pulmonary artery, it is necessary to measure 
simultaneously the arterial and venous pressure and to determine by the 
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difference between the mean pressures in the arteries and the veins what pres- 
sure it actually takes to foree the blood across the peripheral resistance of the 
lungs. 

Fig. 1 indicates how this problem has been attacked.?, We wanted to work 
with unanesthetized animals having a normal circulation, animals that could 
jump in and out of their cages and be friendly and act in a thoroughly normal 
fashion. 

At a preliminary operation one of the angiostomy cannulas was placed 
around a pulmonary artery and another around a pulmonary vein. The two 
parts of the cannulas allow for movement with respiration and still retain 
contact with the vessels. The flat plate was placed under the skin and the stem 
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Fig. 1._Angiostomy cannulas on the pulmonary artery and pulmonary vein. Lower diagram 
shows pressure pulses in the two vessels. 


between the ribs. The manometer needle (Fig. 2) could be thrust into the artery 
or the vein and the pressure registered photographically. An animal prepared 
in this way will survive for months. 

In registering the pressure we found it convenient to use 3 manometers, one 
to register the arterial pressure, one the venous pressure, and a third the 
difference between the arterial and venous pressure. The principle of these 
optical manometers is very simple. A mirror is mounted on a flexible metal 
membrane so that when the membrane bulges under pressure the mirror tips 
and the light beam, focused by the mirror on the slit of an electrocardiographi¢ 
camera, moves a distance that is proportional to the pressure which is being 
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registered. If care is used in constructing the manometer it will respond ae- 
eurately and with practically no lag or other distortion of the pressure curve. 
In the differential manometer (illustrated in Fig. 2) the pressure from the 





Fig. 2.—Differential manometer (for details see text). 


artery is led to the space behind the membrane and the pressure from the vein 
to the space in front of the membrane. The membrane and mirror respond to 
the difference in pressure between these two ¢hambei's and the record as regis- 
tered on the paper is the algebraic sum of the two pressures. ; 
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Fig. 3.—Records showing the pressure pulse contours of pulmonary artery, top; pulmonary vein, 
bottom; and the difference between the two, middle curve. 

Fig. 3 shows a record taken in this way. At the top is the arterial pressure. 
The systolic pressure reaches a height of 28 mm. He on the average and the 
diastolic 10. The mean pressure is about 20 mm. The venous pressure averages 
about 10 mm. during the evele. These figures are from the unanesthetized dog. 
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Fig. 4.—The effect of one pearl (0.3 ¢.c.) of amyl nitrite on the lesser circulation of the 
unanesthetized dog (top) and the effect of 0.01 mg. acetyl beta methyl choline (bottom). Curves 
as in Fig. 3. Time 10 seconds. 
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Struggling or excitement have little or no effect upon pulmonary hemodynamies 
when changes in intrathoracic pressure are discounted. The A, C, and V waves 
ean be recognized in the pulmonary as in the jugular vein and the arterial pres. 
sure pulse is similar, at low pressure levels, to the systemic¢ arterial pulse. The 
differential manometer (middle curve) records the pressure difference between 
artery and vein. This is the foree which moves blood through the lungs and is 
normally a very constant and low average figure—about 5 or 10 mm. He. Dur. 
ing some phases of the cardiac cycle the venous pressure is higher momentarily 
than the arterial pressure. This gives the physical basis for Wearn and as. 
sociates’® observation of cyclic back flow in the pulmonary capillaries. 

Fig. 4 shows the effects of amyl nitrite and mecholyl upon the pul- 
monary venous and arterial pressure. The small effects of the drugs are not 
shown during their first passage through the lungs but only as a secondary 
result of their effects upon the systemic circulation. 
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Fig. 5. . epinephrine on the lesser circulation of the unanesthetized dog (top), 





and pre ts of same drug in a dose of 0.5 mg. (bottom). Curves as in Fig. 4. 


Fig. 5 shows the effect of small and large doses of epinephrine upon the 
lesser circulation. If the drug is given in a very small dose it produces a slight 
rise in the arterial pressure but no appreciable increase in the gradient of pres- 
sure that forces blood through the lungs. In other words, there is no evidence 
of pulmonary arteriolar constriction of such degree as to affect the vascular 
resistance to pulmonary blood flow. If the dose is larger, however, the pressure 
in the pulmonary artery rises to 60 to 100 mm. Hg. Two arguments lead to the 
conclusion that this is a passive rise, and not due to pulmonary vasoconstriction. 
One is the fact that immediately after the injection there is no response, that is 
to say, during the first cireulation of epinephrine through the lungs there is no 
action upon the arterioles. It is only when the drug has produced a rise in 
systemic arterial pressure and a dilatation of the left ventricle, and in fact a 
temporary decompensation of the left ventricle, that we get any rise in pul- 
monary arterial pressure, and that is brought about by a rise in venous pressure 
which is equal to and is the cause of the rise in arterial pressure. This is evi- 
denced by the fact that the differential pressure, the arterial pressure minus 
the venous pressure or the pressure which forces blood through the lungs, is 
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slightly lowered rather than raised. The mechanical force of the blood pressure 
aeting upon the pulmonary vascular bed has distended it and reduced its resist- 
ance in spite of any possible constrictor action of epinephrine. Recent work 
tends to show that the same thing applies in the human lung. 

This gives an idea of the mechanism by which epinephrine will kill. Blood 
is backed up into the lungs by failure of the overwhelmed left ventricle. This 
raises the venous and capillary pressure in the lungs so that it exceeds the level 
at which hydrostatic and colloidal osmotic pressures balance. The result is that 
fluid filters out into the alveolar spaces. Here it may produce froth and 
asphyxiate the animal. It has recently been shown that if an animal with a 
frothy sputum inhales aleohol the froth is broken up and that animals so treated 
recover from the effects of acute pulmonary edema produced by epinephrine in 
much higher per cent than untreated animals.’ 

There has been a great deal of very fascinating and interesting work done 
on the human lung which parallels this in quite close degree. This work has 
been done here in New York under the guidance of Dr. Andre Cournand, who 
is a member of the Chest Service in the Columbia University Bellevue Service. 
His pioneering work involves the use of the ecardiae catheter to determine pres- 
sure and the chemistry of the blood in the different parts of the heart and in 
the pulmonary artery. This work has been reviewed in excellent fashion in two 
comprehensive papers.’ '! The eatheter may be introduced into the heart 
through any convenient vein, usually an antecubital, and under the fluorosecope 
introduced into either of the right heart chambers or into the pulmonary artery. 
With the tip of the catheter in any one of these spaces, samples of blood may be 
drawn for blood gas analysis as a step in calculating the cardiae output or in 
diagnosing congenital heart disease. Moreover, by connecting the catheter with 
an adequate manometer the pressures in the heart chambers or in the pulmonary 
artery may be recorded. Fig. 6 shows the catheter pushed out into the lungs, 
so that it is wedged into a small artery. The only pressure that can act upon 
the tip of that catheter is propagated backward through the alveolus and from 
the left auricle. When blood is aspirated through a catheter so placed it is 
found to be completely arterialized—not the black blood of the pulmonary 
artery but rather the red blood of the pulmonary eapillary or pulmonary vein. 

This observation was first made in Boston under the auspices of Hellems 
and Dexter and associates'® !* and gives what was called the pulmonary eapil- 
lary pressure. It is more accurately spoken of as the pulmonary venous pressure 
‘ather than a pulmonary eapillary pressure because the pulmonary capillary 
pressure is the pressure that exists in the flowing capillary stream. Here we are 
recording the pulmonary venous pressure as a back pressure from the left 
auricle, 

The bottom of Fig. 6 gives diagrammatically the relations between pressure 
as seen in the artery, vein, and capillary of the systemic and pulmonary cireula- 
tions. The mean systemic arterial pressure is very high because it is necessary to 
maintain a high pressure in the arteries to distribute blood to all of the organs 
of the body. On the other hand, the mean pulmonary arterial pressure is very 
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low because all parts of the lungs are at essentially the same point in relation 
to gravity, and there is no need of having a special distribution system that will 
differentiate the amount of blood that goes to one or another part of the lungs, 

The capillary pressure or venous pressure is very much higher in the 
pulmonary bed than it is in the systemic. This is related, I think, to the fact 
that the left ventricle is very heavy and has to be distended by the pulmonary 
venous pressure in order to fill the chamber, whereas the right ventricle js 
relatively light and needs to be distended only by relatively small pressure in 
order to fill. 

When we analyze the results that are had by these methods, we find that 
pulmonary arterial hypertension may come as a result of two causes. First, the 
pressure in the pulmonary artery may be high in the presence of a low pul- 
monary venous pressure. It is thus the result of a high peripheral resistance in 
the lungs, a constriction, a sclerosis or a restriction of the pulmonary arterioles, 
This is seen in pulmonary fibrosis that follows a long chronie asthma, silicosis, 
tuberculosis, or other pulmonary infection. These conditions result in a sclerosis 
or restriction of the pulmonary arteriolar bed. 

High pulmonary vascular resistance is also seen in Eisenmenger’s syn- 
drome. This is the congenital disease in which the ventricular septum is 
widely patent so that functionally there is but a single ventricle. Now if a 
normal peripheral resistance existed in both the systemic and pulmonary vascular 
beds all of the ventricular output would pass out into the pulmonary artery and 
the pressure in the common ventricle would never rise enough to make blood go 
out the aorta and supply the body. It is clear then that the sclerosis of the 
pulmonary arterioles seen in the Eisenmenger syndrome or the pulmonary steno- 
sis seen in the tetralogy of Fallot are examples of ‘‘life-saving pathology.’’' 

The need of a balance between the resistance in the pulmonary and systemic 
circuits is evident from the experience we had in a ease of congenital septal 
defect. When, as a result of pain or anxiety, this patient’s arterial pressure fell, 
the common ventricle no longer forced blood out into the pulmonary artery. 
She became deathly evanotic and almost ceased taking up oxygen. Ordinarily 
she supports a moderate hypertension, blood flows through the lungs, and she is 
hardly cyanotic." 

The high resistance type of high pulmonary arterial pressure leads to cor 
pulmonale and usually to a decreased cardiac output. Thus, in addition to the 
respiratory handicaps that we ordinarily think of in silicosis, there are circula- 
tory handicaps, and these circulatory handicaps may be even more restrictive in 
some cases than the respiratory handicaps which are so much more obvious in 
terms of the cyanosis that results. 

Sometimes pulmonary disease affects the pulmonary vascular bed in such a 
way that blood flows through the lungs readily but does not become properly 
oxygenated. In this ease, if the heart is strong the systemic anoxia will reflexly 
‘ause the cardiae output to increase. This same anoxia will cause the red cell 
volume, the total blood volume, and the venous pressure to increase. The kidney 
will not filter its normal quota of fluid. Water and sodium will be reabsorbed 
more completely than normal. This will lead to edema and the other signs of 
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congestive failure of the circulation. This oceurs in spite of the fact that the 
heart is putting out an abnormally iarge amount of blood. When such a patient 
recompensates under rest and digitalis the output is finally reduced, as is the 
pulmonary arterial pressure, and the anoxia is lessened." 

A second type of high pulmonary arterial pressure is one that is produced 
by high pulmonary venous pressure, and that, of course, is obvious in mitral 
stenosis and left ventricular failure. In these conditions, particularly in mitral 
stenosis, it is interesting to notice that sometimes we have very high pulmonary 
arterial pressures, pulmonary pressures whose mean values reach figures as high 
as 100 mm. Hg. 
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. Fig. 6.—Catheter in the heart. It has been wedged into a small pulmonary artery where 
it samples the pulmonary venous blood and can be used to measure the pressure propagated 
back through the pulmonary vein from the left auricle. At the bottom are diagrams of the 
arterial capillary and venous pressures in the pulmonary and systemic circulations. 


It was a puzzle for a time to imagine these pressures as being produced by 
back pressure from the pulmonary veins on the left side of the heart, because if 
that were the case there would be enough pressure operating on the capillaries 
to filter a tremendous quantity of edema fluid out into the alveoli, and individ- 
uals with this condition may have relatively dry lungs. 

So we have to think of some other mechanism to produce this tremendously 
high pulmonary arterial pressure that is seen in conditions where we expect the 
pulmonary venous pressure and capillary pressure also to be high. 
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It has been proposed’ that arterioles reflexly constrict when the pulmonary 
capillary pressure exceeds physiologic limits. This is said to protect the capillary 
bed against high pressures and might be regarded as a homeostatic mechanism 
to prevent pulmonary edema. At the same time it overburdens the right side 
of the heart. The right side of the heart is putting out blood against a periphery 
constricted to protect the capillaries, and we have a vicious cycle under which 
the heart is wearing itself out to do something that could be better accomplished 
by working less if it weren’t for the pulmonary arterial constriction. It is a 
situation that reminds one of a chauffeur putting his foot on the gas pedal and 
on the brakes at the same time—a rather useless and wasteful procedure. In 
all probability the high pulmonary resistance is due to arteriolar sclerosis and 
is another example of ‘‘life-saving pathology.’’ 


TRACHEA TRACHEA 
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Fig. 7.—Diagrammatic illustration of the effect of localized anoxic constriction in the 
pulmonary bed in shunting blood away from unventilated lung tissue and thereby improving 
arterial saturation. 


It was indicated earlier that the autonomic nervous system and the auto- 
nomic drugs do not have any effect upon the pulmonary vascular resistance in 
the normal canine lung. This also seems to be true in case of man. There is, 
however, one agency that will produce an increase in the pulmonary vascular 
resistance. The pulmonary arterial pressure is increased in the cat'® and in 
man'® when they breathe low oxygen, and in the dog there seems to be con- 
striction enough to lower the blood flow through an anoxie lung even though 
it does not measurably raise pulmonary arterial pressure. This constriction 
seems to be independent of the nervous system and the result of direct action 
of the environment on the blood vessels. 

Fig. 7 indicates the role served by vasoconstriction in the anoxic lung or 
lung lebule. Suppose there is a mucous plug in one of the smaller branches of 
the trachea, and that the alveoli supplied by that airway can no longer be 
ventilated. Then blood which goes to that and to the normal lung comes back 
again as a mixture of unoxygenated blood and completely saturated blood, and 
the patient is likely to be evanotie and have difficulty in respiratory exchange. 


On the other hand, if the blood supply is promptly cut off from that un- 
ventilated lobule there is a normal supply and a normal oxygen saturation of 
blood draining from the lung as a whole, simply because the blood supply and 
the air supply to those alveoli are simultaneously cut off. Then we have a much 
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petter situation because the blood that actually comes through the lungs is 
completely saturated and their capacity is not exceeded unless the blood flow 
through the normal lung tissue is more than doubled. 
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Fig. §.—Blood pressure tracings showing effects of breathing from above downward: (1) 
systemic arterial pressure, (2) pulmonary arterial pressure balanced against atmospheric pres- 
sure, (3) pulmonary arterial pressure balanced against the fluctuating intrathoracic pressure, 
(4) time, 10 seconds, (5) systemic arterial pressure, (6) pulmonary venous pressure balanced 
against atmospheric pressure, (7) pulmonary venous pressure balanced against intrathoracic 
pressure, (8) time, 10 seconds. On the left the pressure fluctuations were intensified by re- 
stricting the airway; on the right, breathing is normal. 


Normally, the lungs are perfused and ventilated equally, all of the 
bronchioles and all of the arterioles sending proportional amounts of air and 
blood to the several alveoli. This seems to be guarded by the facet that the 
elastic resistances in all parts of the lung are equal, because the simple collapse 
or consolidation of a lung serves to increase the resistance to flow through these 
arterioles and shunts blood flow to the other lung. This mechanical inerease in 
resistance in the damaged lung serves the same function as the vasoconstriction 
from anoxia.*-?° 

It is important, I believe, to realize that these resistances which are set up 
before the anoxie or collapsed lung are very frail and feeble, and that when 
we have an inerease in pulmonary arterial pressure, we have a very great in- 
crease in the liability to cyanosis and respiratory failure. The constriction 
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produced by anoxia or the resistance produced by collapse may well be abrogated 
by a high arterial pressure forcing blood past the resistance. It is well known 
that when the pulmonary arterial pressure is high a greater tendency to cyanosis 
and to respiratory insufficiency is observed than when the arterial pressure is 
within normal limits, even though a large amount of lung tissue is collapsed or 
otherwise not functional. 
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Fig. 9.—The effect of hemorrhage upon heart size and upon other circulatory dynamics in 
response to hemorrhage. The arrows indicate the loss of 5 c.c. of blood per kilogram. The 
animals represented were normal before the experiment (control), had the carotid sinus 
nerves and the vagi cut (buffer nerve) section or were infused with arterenol. Note the very 
large fluctuations in heart volume. 


Fig. 8 shows what we find in the pulmonary artery during heavy breathing. 
These are 3 simultaneous records taken during heavy breathing in the first half, 
during ordinary breathing, and in the last half of the record. We produced this 
heavy breathing as a result of forcing a dog to breathe against high resistance 
through a small orifice. It probably means that- we have a condition not too dif- 
ferent in the respiratory dynamics from that which obtains in asthma. The upper 
record is a record of the systemic arterial pressure. The middle record is one of 
the pulmonary arterial pressure, and the lower record is one of the pulmonary 
arterial pressure after we have subtracted changes in the intrathoracie pressure 
instrumentally. In other words, this is the pressure which actually distends the 
pulmonary artery. The next 3 records are the same thing in relation to the 
pulmonary veins. The upper of the 3 is the systemic arterial pressure, the next 
is the pulmonary venous pressure, and the lower is the pulmonary venous pres- 
sure as it is in the thorax, where the fluctuating thoracic pressure is taken as 
zero instead of the atmospheric pressure being zero. 
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The thing that is of interest to us here is that there is definite evidence of 
a high mean pressure and a high pulse pressure during inspiration in the 
pulmonary artery. That is quite the reverse of what happens in the systemic 
artery, but in the pulmonary vein that high pressure has been eliminated by 
buffering through the lungs. In other words, a large amount of blood is aspi- 
rated into the thorax during the inspiratory act. It distends the pulmonary 
arteries, and perhaps the pulmonary capillaries, but has no particular effect 
upon the pulmonary veins, causing them to show very little changes in pressure 
related to respiration. 

It has been held that the lungs not only serve the function of respiration but 
also serve the function of blood storage. It has been thought, ever since the 
time of Starling,?’ that the variations in the amount of blood which is found 
within the thoracic cavity and which controls variations in the vital capacity” 
are to a great extent due to variations in the degree of congestion of the lungs. 
It has been a recent finding in our laboratory, however, that changes in the 
volume of blood in the heart are very important.** 5 

Fig. 9 shows changes in cardiae volume ealeulated from the x-ray silhouette 
during hemorrhage experiments. It is evident that as blood is removed from 
the body a large part of blood so removed (about one-fourth) comes from the 
heart, as indicated by a reduction in eardiae volume. It is also seen that large 
doses of epinephrine cause the cardiac volume to increase. The magnitude of 
these changes in heart volume is not very different from the magnitude of the 


changes in intrathoracic blood volume under similar experimental conditions as 
ealeulated from the blood flow and mean circulation time.** It is therefore to 
be concluded that the heart itself acts as a flexible reservoir for blood, acting 
in large part to cover the function which had been previously attributed to the 
lungs. 
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PULMONARY FUNCTION IN A GROUP OF YOUNG PATIENTS 
WITH BRONCHIAL ASTHMA*}¢ 


DANIEL 8S. LuKaAs, M.D.,§ New York, N. Y. 
WITH THE TECHNICAL ASSISTANCE OF DOLORES LUKAS 


LTHOUGH the alterations in pulmonary function during an attack of 
bronchial asthma are relatively well defined,’ ?)* the condition of asth- 
matic individuals between attacks of acute respiratory distress is in need of 
clarification. Hurtado and associates* have noted a decrease in the vital ea- 
pacity, and an increase in residual air volume and the residual air/total capacity 
ratio in 23 patients with recurrent asthma. The magnitude of these changes did 
not correlate with the duration of asthma. Impairment of maximum breathing 
capacity, evidence of defective intrapulmonary mixing of air, hyperventilation 
with normal lung volumes and arterial oxyhemoglobin saturation have been 
observed by Baldwin? in 10 asthmatic patients at times when they were free 
of acute asthmatic symptoms. More recently, Gaensler*® has reported an average 
reduction of 17.5 per cent in vital capacity and a 58.8 per cent reduction in the 
maximum breathing capacity in 9 patients with bronchial asthma considered to 
be clinically asvmptomatie at time of study. 

These findings strongly suggest the persistence of physiologically significant 
bronchiolar obstruction between attacks of asthma. It is conceivable, however, 
particularly since the ages of the patients in the above studies are not specified, 
that the findings are due in part to secondary changes within the pulmonary 
parenchyma that are permanent and therapeutically irreversible. For this 
reason it seemed appropriate to survey the state of pulmonary function in a 
group of voung patients with recurrent attacks of bronchial asthma, in whom 
these secondary changes may be expected to be minimal or absent. 

This report deals with the results of pulmonary function studies performed 
on 6 young patients with bronchial asthma at times when they considered them- 
selves to be free of asthmatic symptoms. 

SUBJECTS 

Table I presents the age, sex, body characteristics, and duration of asthma 
in each patient. All patients had suffered from frequent perennial attacks of 
asthma, and all had one or more allergies. All patients were studied in the 
basal state and were instructed not to take any medication during the 8 hours 
prior to study. Previous mild attacks of bronchial asthma were noted usually 
to have occurred a few days to several weeks prior to study. 


*This study was supported by a grant from the New York Heart Association. 
5 *Read before the Seventh Annual Meeting of the American Academy of Allergy, New 
York, Feb. 5, 1951. 

tFrom the Cardio-Pulmonary Laboratory of tne Departments of Medicine and Radiology, 
The New York Hospital-Cornell Medical Center, New York, N. Y. 

§Work partially completed during tenure of a Post-Doctorate Research Fellowship of 
The National Heart Institute. 
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METHODS 

Lung volumes and maximum breathing capacity (M.B.C.) were measured 
by methods reported previously.’ Ventilation was measured during rest, a ] 
minute-30 step exercise, and each of the 5 minutes of recovery following exer. 
cise. Vital capacity and M.B.C. were redetermined 5 to 10 minutes after the 
administration of 0.5 ¢.c. epinephrine HCl (1:1000) subcutaneously or Vapo- 
nefrin by nebulizer. All lung volumes were converted to BTPS* and compared 
with available normal values for children and adults.* ® 

Oxygen consumption and carbon dioxide output during rest and exercise 
were estimated from analysis of expired air by a Scholander 0.5 ¢.c. micro-gas 
analyzer.’ Arterial blood samples were obtained from the brachial artery 
through an indwelling needle during rest and immediately after exercise and 
analyzed in duplicate for oxygen and carbon dioxide contents, and oxygen 
capacity.® 











TABLE I, PHYSICAL CHARACTERISTICS OF PATIENTS STUDIED 
| | | | | BODY | DURATION 
SURFACE OF 
| AGE | | HEIGHT | WEIGHT AREA | ASTHMA 
SUBJECT | (YEARS) | SEX (CM.) ( KG.) | (M2) | ( YEARS) 
J. Q. 11 F 142 22 0.96 10 
P36. 13 M 154 53 1.49 8 
P. M. 14 M Lis 52 1.62 6 
ALOR, 14 M 155 42 1.36 10 
J. F. 15 F 155 31 1.21 7 
H. G. 15 F 173 49 1.57 13 
16* 178* 59* Te 








*Second study one year later. 





In one ease (H. G.) the tensions of the respiratory gases in the arterial 
blood were measured directly by the method of Riley and associates,® and an 
analysis of alveolar ventilation-perfusion relationships was performed as de- 
seribed by Riley and Cournand.'”" Cardiac catheterization was performed in 
another patient by conventional methods.'? Cardiae output was determined 
during rest and during exercise by use of the direct Fick principle. Intracardiac 
pressures were measured by a Sanborn electromanometer and recorded with a 
Polyviso recorder. Exercise during cardiac catheterization consisted of a bi- 
cycling movement of the legs at the rate of 1 cyele per 2 seconds for 5 minutes. 
Expired air and pulmonary arterial and brachial arterial samples were col- 
lected during the last 2 minutes of exercise. 


RESULTS 





The results of lung volume measurements are presented in Table II and 
Fig. 1. The vital capacity was found to be significantly reduced in 3 eases. 
The average residual air volume was considerably increased, and the ratio of 
residual air to total capacity (RA/TC in per cent) averaged 41.8 per cent. In 
view of the fact that an RA/TC ratio greater than 35 per cent is generally re- 
garded as indicating an emphysematous state of the lungs,” '’ it is of particular 
interest that this ratio exceeded 35 per cent in + subjects. The average total 
capacity was only slightly increased, and overexpanded greatly in only 1 patient. 


*Body temperature (37° C.), ambient barometric pressure, saturated with water vapor. 
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The administration of a bronchodilator was followed by a large increment 
of vital capacity in only 2 subjects. In 1, a striking 1,013 ¢.c. increase occurring 
after epinephrine was given presumably diminished the increased residual air 
volume by a similar amount, and thereby completely reversed the emphysema- 
tous state of the lungs. 

Ventilatory capacity, as measured by M.B.C., showed a greater reduction 
from normal than did the vital capacity (Table III and Fig. 2). Significant 
increases of M.B.C. were observed in all patients (except J. Q.) following 
epinephrine or Vaponefrin; in only 1 patient did it attain normal. There was 
an average 29.1 per cent increase in M.B.C. as compared to a 5.9 per cent in- 
crease in vital capacity following bronchodilation. 
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Fig. 1.—Lung volumes. Residual air is represented by the black area, vital capacity by 
the white area. Together they represent total capacity, the length of the entire column. The 
right of each pair of columns represents the predicted normal values for each subject, the 
left the observed values. The observed ratio of residual air to total capacity in per cent 
(RA/TC) is given beneath each observed lung volume column. The predicted RA/TC ratio 
is either 20.0 or 20.4 per cent in each case (See Table II). 








While performing M.B.C. during the first set of studies, subject H. G. de- 
veloped a mild asthmatic attack, during which the M.B.C. fell to 37 L./min. 
The asthma was promptly relieved by subcutaneous epinephrine with concomi- 
tant increase of M.B.C. to 88 L./min. M.B.C. repeated 2 weeks later was found 
to be 91 L./min. without a bronchodilator. The patient did not develop asthma 
during performance of M.B.C. on this oceasion nor when restudied 1 year later. 
These observations are of interest, since spontaneous hyperventilation, which is 
extreme during the performance of M.B.C. determination, has been observed to 
induce asthma in susceptible individuals. 

Hyperventilation was present at rest in all patients and was particularly 
marked during exercise (Table III and Fig. 3). Combined with the limited 
ventilatory capacities, the excessive ventilation reduced the breathing reserves 
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to an average of 87 per cent at rest and 62 per cent during exercise. Normal 
breathing reserve at rest is >92 per cent and >75 per cent during exercise,®: 
Subjective dyspnea, which has been shown to occur when the breathing reserve 
falls to 60 to 70 per cent,'* was frequently expressed at the termination of the 
standard exercise. 

Since oxygen consumption during both rest and exercise was normal, the 
hyperventilation was associated with an inefficient rate of extraction of oxygen 
(oxygen removal rate) per liter of air ventilated. 
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Fig. 2.—Relation of vital capacity (V. C.) and maximum breathing capacity (M. B. C.). 
Solid circles represent prebronchodilator values; open circles are values observed after ad- 
ministration of a bronchodilator. 


Underlying this inefficient gas exchange a definite disturbance of air dis- 
tribution throughout the lungs was noted. Thus the index of intrapulmonary 
mixing* was slightly elevated on the average and definitely larger than normal 
in one-half the cases (Table IV). Physiologically, more significant evidence of 
disturbance in the distribution of air among the alveoli was the presence of ar- 
terial anoxemia in 3 of the 5 patients from whom arterial blood was obtained 
(Table IV). In this laboratory a value of 96 per cent for arterial oxyhemo- 
globin saturation is considered normal during rest and during the first minute 
after exercise. Values below 92 per cent are considered as definite evidence of 
arterial anoxemia. 


*Per cent nitrogen remaining in the alveolar air after 7 minutes of “pure” oxygen 
breathing; normally less than 2.5 per cent. 








ge 











LUKAS: PULMONARY FUNCTION IN BRONCHIAL ASTHMA 417 


Although arterial blood pH’s and carbon dioxide tensions were not meas- 
ured in all patients, the normal whole blood carbon dioxide contents (Table IV) 
suggested that chronic respiratory acidosis was not present. Indeed, the resting 
earbon dioxide contents tended to be low, which is compatible with the hyper- 
ventilation. 

Particular attention ‘is called to 2 of the patients. The first (H. G.) is of 
interest in that 2 separate evaluations of the pulmonary function were con- 
ducted 1 year apart.* The first study revealed a slightly reduced vital capacity 
and a residual air comprising 52 per cent of an overexpanded total lung volume 
(Fig. 4). When the patient was free of asthma, the ventilatory capacity 
was only slightly below normal. Moderate alveolorespiratory insufficiency was 
present, as indicated by the high value for index of intrapulmonary mixing, 
the arterial oxyhemoglobin unsaturation at rest, and following exercise 
(Table IV). 


TABLE IV. INDEX OF INTRAPULMONARY MIXING (I.1.P.M.) aT REST AND ARTERIAL BLOOD 
GASES DURING REST AND FirRST MINUTE FOLLOWING EXERCISE 











ARTERIAL O, HEMOGLOBIN cO, CONTENT 

















| 

SATURATION IN PER CENT IN VOLUMES PER CENT 
SUBJECT | I.1I.P.M. | REST | RECOVERY | REST | RECOVERY 
4.4 4.8 — — — — 
F. G. 1.2 88.5 92.0 49.0 45.6 
P. M. 1.3 97.3 om 44.4 — 
A. R. 1.7 97.7 100.0 46.3 47.7 
£. ¥. 2.9 84.1 86.7 47.9 47.4 
H. G. ¢, 89.3 88.7 54.2 53.6 

1 year later 3.2 93.8 88.6 53.8 50.9 

Average 25 £923 — O18 48.3 47.9 











Following a year in which the asthmatic attacks had diminished consider- 
ably in frequency and severity, the residual air volume had decreased (Fig. 4). 
The index of intrapulmonary mixing was improved, and arterial anoxemia was 
no longer present at rest, but unsaturation of the arterial blood of the same 
degree as found previously was again present after exercise. Although un- 
saturation was not present under basal conditions on this occasion, direct de- 
termination of the respiratory gas tensions of the arterial blood revealed an 


TABLE V. ALVEOLAR AND ARTERIAL GAS TENSIONS AND ALVEOLAR VENTILATION-PERFUSION 
RELATIONSHIPS IN SuBJECT H. G. at REST (SECOND Stupy) 











anal | OBSERVED | PREDICTED 

Arterial CO, tension in mm. Hg 43 40 
Arterial O, tension in mm. Hg 80 95 
Alveolar O, tension in mm. Hg 99 104 
Inspired air-alveolar air O, gradient 

in mm. Hg 47 48 
Alveolar-arterial gradient in mm. Hg 19 <12 
Dead space ; : 
widet velame in per cent 30 <30 
Venous admixture ‘ a 

in per cent 7.7 <7.0 





y Total pulmonary blood flow 








*Only the results of the second study are included in the averages at the bottom of the 
tables of data. 
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oxygen tension 15 mm. Hg below normal. The directly determined carbon 
dioxide tension was normal, and an analysis of alveolar ventilation-perfusioy 
relationships demonstrated a dead space/tidal volume ratio at the upper limit 
of normal and a greater than normal venous admixture to total pulmonary blood 
flow (Table V). 


TABLE VI. CARDIAC CATHETERIZATION FINDINGS IN PATIENT J. F. 





REST | EXERCISE 








Cardiac index in L./min./m2 Body 
Surface Area 3.48 4.04 
Pulmonary arterial pressure in mm. Hg 
Systolic/diastolic 31/16 39/22 
Mean 22 28 
Pulmonary vascular resistance in dynes- 
sec.-em-5 425 
Right ventricular end-diastolic pressure 
in mm. Hg 





Despite the improvement in lung volumes and alveolorespiratory function, 
M.B.C. was lower than during the previous year, and, although greatly increased 
by Vaponefrin, remained 12 per cent below normal. 
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Fig. 3.—Average ventilation of subjects studied. Predicted values represented by open circles 
and light lines, observed values by solid circles and dark lines. 

The other patient (J. F.) had suffered very frequent and occasionally severe 
asthmatic attacks since the age of 8 years. On admission to the hospital, the 
patient’s numerous daily attacks of asthma were finally controlled by nebulized 
Vaponefrin. She was noted to be cyanotic. The hemoglobin was 17.5 Gm. per 
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cent, red blood cell count 7.0 million, and hematocrit 49 per cent. A roentgeno- 
cram of the chest showed a normal sized heart and increased hilar markings. 
The standard limb lead electrocardiograms revealed right axis deviation and the 
unipolar precordial leads were strongly suggestive of right ventricular hyper- 
trophy. 

When studied following stabilization of the asthma, the vital capacity was 
only 38 per cent of predicted capacity. The residual air and RA/TC ratio were 
found to be the largest in the group of patients reported. Arterial oxyhemo- 
elobin saturation was only 84.1 per cent at rest and 86.7 per cent during exer- 
cise: arterial carbon dioxide content and pH, however, were normal. 


H.G. F.16 LUNG VOLUMES 
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Fig. 4.—Lung volumes in subject H. G. 


Cardiae catheterization demonstrated a normal eardiae output at rest with 
an appropriate increase on mild exercise (Table VI). Mild pulmonary arterial 
hypertension was encountered at rest, the mean pulmonary arterial pressure 
being 22 mm. Hg as compared with the normal upper limit of 15 mm. Hg. The 
increase in pulmonary arterial pressure to twice normal on exercise is particu- 
larly significant, since it has been demonstrated that the pulmonary arterial 
pressure normally does not increase until the cardiae output exceeds 3 times 
the basal value.!! The pulmonary vascular resistance was estimated at 2 or 
more times normal. 

DISCUSSION 

The results of this study indicate rather clearly that pulmonary function 
may be impaired between attaeks of bronchial asthma. The nature of the dis- 
turbance ineludes alterations in lung volumes and alveolorespiratory function, 
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as well as in ventilatory function, in which the greatest and most consistently 
encountered abnormality was present. 


Pathogenesis of Changes in Function.—The changes are those that might 
be anticipated in any pulmonary disease characterized by the presence of bron. 
chiolar obstruction due either to congestion, edema, and excessive secretion of 
the bronchial mucosa or to spasm of the bronchiolar musculature. Narrowing 
of the small intrapulmonary airways leads to a diminution in the rate of flow 
of air passing through them, particularly during expiration. The ventilatory 
capacity is thereby reduced. Since the amount of air that can be expired from 
the lungs after a full inspiration is limited by the progressive narrowing of the 
airways that occurs during expiration, the vital capacity may be restricted and 
the residual air consequently increased. 

Disturbances of alveolorespiratory function result from defective intra- 
pulmonary mixing produced partially by an increased residual air, but mainly 
by the hindrance produced in the bronchial tree to the passage of inspired air 
into and out of groups of alveoli. The ensuing state of uneven alveolar ventila- 
tion is characterized not only by underventilation of some alveoli but also by 
hyperventilation of other alveoli, if total ventilation is normal or excessive as 
in the group of subjects reported. The hyperventilation of alveoli results in 
an expansion of the physiologic dead space. 

In the underventilated alveoli the oxygen tension falls and the carbon 
dioxide tension rises. Venous blood perfusing the capillaries of these alveoli, 
therefore, is not completely oxygenated and flows on to contaminate the well- 
oxygenated blood flowing from normally or hyperventilated alveoli. The arterial 
oxyhemoglobin saturation is thus reduced. 

Carbon dioxide retention in the arterial blood, on the other hand, does not 
occur by this mechanism until over-all alveolar ventilation is greatly reduced 
by marked generalized bronchiolar obstruction. .The shape of the carbon dioxide 
dissociation curve is such that carbon dioxide output from the blood of well 
or hyperventilated alveoli is large enough to compensate for its retention in the 
blood of underventilated alveoli. The same compensatory mechanism does not 
operate in the case of oxygen however, since the amount of additional oxygen 
that is bound by the eapillary blood flowing through hyperventilated alveoli 
is insufficient to compensate for oxygen deficit in the blood of underventilated 
alveoli. This is a direct consequence of the shape of the oxyhemoglobin dis- 
sociation curve.'° The absence of carbon dioxide retention in the presence of 
anoxemia is well demonstrated by some of the cases reported. 

The hyperventilation is difficult to explain. It has been observed in certain 
individuals with pulmonary emphysema in whom function studies follow a 
pattern similar to that noted in this study.'* Teleologically, hyperventilation 
does serve to maintain oxygenation and adequate output of carbon dioxide in 
the presence of bronchiolar obstruction. 


Relation of Vital Capacity to M.B.C.—Although disparity between vital 
capacity and ventilatory capacity (M.B.C.) in pathologie states of the lung has 


9 


been reported repeatedly,” * '* 1* 1 it seems worth while to emphasize this point 
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by calling attention to a similar finding in this study. In 4 of the cases, normal 
sal near normal vital capacities were observed at times when the M.B.C. was 
ereatly reduced. It seems evident that low-grade obstruction of the pulmonary 
airways will become more manifest during the performance of a test, such as 
M.B.C., in which a time limit is imposed on the activity of moving air into and 
out of the lungs than during vital capacity measurement, in which no time 
limit governs the expiratory effort.’° In this regard it is further significant 
that the increase in M.B.C. following bronchodilators was much greater than 
the increase in vital capacity. 

Reversibility of Changes.—The question of whether irreversible pulmonary 
changes were present arises in reference to even so young a group of patients 
as these. If the state of pulmonary function after bronchodilators is considered 
as maximal attainable, then emphysema, as indicated by a high residual air 
and RA/TC ratio, was irreversible in 2 patients and some degree of ventilatory 
insufficiency persisted in 5 patients. Recent experience, however, reveals that 
ordinary doses of epinephrine and Vaponefrin may not accomplish complete 
bronchodilation. ACTH and cortisone have produced changes in the pulmonary 
function of cases of long-standing chronic bronchiolar obstruction with secondary 
emphysema far more striking than those effected by conventional broncho- 
dilators.'® 

In one subject (J. F.) the degree of lung volume changes, pulmonary in- 
sufficiency, the small response to bronchodilators and, in particular, the pul- 
monary arterial hypertension make it probable that considerable permanent 
emphysematous changes had already taken place in the lungs. 

Chronic pulmonary emphysema is a well-recognized complication of long- 
standing bronchial asthma. It is frequently of such severity as to account for 
10 per cent of all cases of cor pulmonale.'*:'* The severity of the emphysema 
has been found to vary directly with the severity of the asthma.’* It is cur- 
rently believed that increased intra-alveolar pressure secondary to obstruction 
of the bronchial tree is the mechanism by which the destruction of alveoli char- 
acteristic of emphysema occurs in bronchial asthma. 

The observations in this study indicate that bronchiolar obstruction and 
presumably increased intra-alveolar pressures persist in the perennial asth- 
matic patient after acute asthmatic episodes have subsided. It may well be that 
the severity of persistent obstruction in the bronchial tree, as well as the dura- 
tion and frequency of acute asthmatic attacks, determines the development of 
emphysema in the asthmatic patient. 

On the basis of the findings it is suggested that inclusion of pulmonary 
function tests as a guide to the management of the patient with bronchial asthma 
is highly desirable. Among the easily performed tests M.B.C. has been found 
to be quite reliable. Performed prior to, and after, the administration of a 
bronchodilator, it appears to be most sensitive to the presence of obstruction 
of the smaller bronchial passages. It is possible that if such obstruction is kept 
at a minimum by adequate therapy the high incidence of emphysema among 
bronchial asthmatic patients may be reduced. 
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SUMMARY 


Pulmonary function studies were performed on 6 asthmatic patients, 11 to 

16 years of age, at times when they considered themselves to be free of asthmatic 
symptoms. Decreased ventilatory function, increased residual air volumes and 
RA/TC ratios, hyperventilation, defective intrapulmonary mixing of gases, 
and arterial anoxemia were observed. On the basis of the pattern of disturbance 
of pulmonary function and the response to bronchodilator administration, per. 
‘sistent obstruction of the small intrapulmonary airways apparently accounted 
for the findings. Moderately advanced pulmonary. insufficiency accompanied 
by pulmonary arterial hypertension was noted in one patient in whom perma. 
nent emphysema was thought to be present. The possible bearing of persistent 
obstruction of the bronchioles on the pathogenesis of emphysema in bronchial 
asthma is discussed, and the use of pulmonary function tests (M.B.C.) as a 

guide to management of the patient with bronchial asthma is suggested. 
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THE POTENTIAL DANGER OF OXYGEN THERAPY IN SEVERE 
BRONCHIAL ASTHMA*t 


IrvinG W. SCHILLER, M.D., HENry D. BEALE, M.D., WILLIAM FRANKLIN, M.D., 
Francis C. Loweui, M.D., AND MEYER H. HALPERIN, M.D., Boston, Mass. 


EW agents are used in medicine with the abandon that oxygen enjoys and 
this abandon seems justified wherever the possibility of anoxia exists— 
justified because anoxia can hardly be anything but undesirable—and oxygen 
would seem to be harmless in most cases. Recent studies’ * have substantiated 
earlier clinical impressions** that the ‘‘most’’ in the previous sentence cannot 
be changed to ‘‘all,’’ and that a group of patients exist in whom the admin- 
istration of oxygen in the usual manner may be harmful or even lethal. 
Detrimental effects of high concentrations of oxygen have been observed 
by others in patients with pulmonary emphysema who had respiratory acido- 
sis with the following findings in the arterial blood: a decreased oxygen satu- 
ration; a high carbon dioxide content; a high carbon dioxide tension; and, 
usually, a low pH. One assumption is that in such patients, the normal drive 
to breathe no longer arises from the respiratory center because this mechanism 
is exhausted, depressed or otherwise rendered unresponsive by the high level 
of the arterial carbon dioxide. Thus the principal drive to breathe presumably 
originates from the carotid and aortie bodies in response to the existing 
anoxia. Upon receiving high concentrations of oxygen, the patient’s arterial 
blood is rapidly and fully saturated and the anoxie stimulus to breathe is abol- 
ished. This results in decreased ventilation and failure to eliminate carbon 
dioxide leading to even higher levels. These patients may become drowsy, 
confused or comatose. 
In the 2 eases of bronchial asthma described here, similar changes fol- 
lowed the administration of oxygen, the deleterious effects of which appear 


to be explained in the same manner. 


CASE REPORTS 


Case 1.—R. K.,} a 54-year-old white man, developed symptoms of brenchial asthma 
about 10 months before the studies to be described were started. In 1918 he had pulmonary 
tuberculosis which was arrested and does not appear to have played a part in his present ill- 
ness. There was no history of hay fever, asthma or other allergy in the patient or any mem- 
ber of his family. 

The significant physical findings on admission to the hospital, Oct. 30, 1949, were limited 
to the respiratory system. He was having great difficulty in breathing, and wheezing was 
audible at the bedside. The chest was hyperresonant throughout, and breath sounds were 
obscured by loud musical rales and rhonchi which were prolonged and more marked during 


expiration. 





*From the Allergy Clinic of the Evans Memorial and Massachusetts Memorial Hospitals, 
and the Department of Medicine, Boston University School of Medicine. 
i +Read at the Seventh Annual Meeting of the American Academy of Allergy, New York 
City, Feb. 5, 1951. 
tThe details of this case have been given in Reference 2 
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Following admission he was treated with the usual agents used for bronchial asthma 

? 

including oxygen for cyanosis. After 4 weeks, during which period he had made no progress 
a 


it was recognized that although oxygen relieved cyanosis, its administration was followed by 
somnolence, delerium or coma. 


Studies made on the arterial blood, at this time and subsequently, are shown in Fig, 1, 
On 12/1/49, when the patient had very severe asthma, the arterial oxygen saturation was 75 
per cent, the pH was 7.22, and the pCO, was 103 mmHg. When breathing oxygen at 6 liters 
per minute by nasal catheter, the saturation of the arterial blood rose to 99 per cent, the pH 
fell to 7.11 and the pCO, rose to 142 mmHg. 


On 12/5/49 observations were made with oxygen flowing at the rate of 2 liters per min- 
ute. The oxygen saturation rose frem 81 per cent to 92 per cent, but the pH dropped only 
slightly and the pCO, rose from 83 to only 90 mmHg. 

The remainder of the studies shown were done with oxygen supplied by demand regu. 
lator through a mouthpiece. On 1/3/50 the blood studies on room air showed less hypoxemia, 
less hypercapnia and a pH slightly below normal. When 100 per cent oxygen was given, how- 
ever, marked changes still occurred. The pH fell from 7.36 to 7.19 and the pCO, rose from 
55 to 85 mmHg. At this time, pulmonary function was assessed when the patient was breath- 
ing room air and breathing oxygen. The results are shown in Fig. 1. There was no change 
in respiratory minute volume when the patient was given oxygen after breathing room air, 
However, with oxygen, the respiratory rate increased from 22 to 28 per minute and the respira- 
tory tidal volume dropped from 370 c¢.c. to 290 ¢.c. per breath. Assuming the dead space to 
be 200 e.c. there was little more than enough air taken in with each breath to ventilate the 
trachea and bronchi while the patient breathed oxygen. Thus the effective alveolar ventila- 
tion while breathing room air was 3.8 liters per minute, but when breathing oxygen this fell 
to 2.6 liters per minute. The concentration of nitrogen in the alveolar air was 10.4 per cent 
after breathing oxygen for 7 minutes,® a fourfold increase over the normal value for this test, 
indicating faulty distribution of the inspired gases in the lung. 

Beginning on 1/4/50, the patient was treated with intramuscular injections of cortisone, 
receiving 100 mg. daily for 12 days. At the end of this period, improvement was marked, 
although he still required additional drugs for asthma. Studies of the arterial blood on 
1/16/50 showed that there were definite changes toward normal. On room air the oxygen 
saturation was 90 per cent, the pH 7.36 and the pCO, 53.0 mmHg. When breathing oxygen, 
the pH fell only slightly and the pCO, rose slightly. The vital capacity was normal but the 
concentration of nitrogen in the alveolar air after breathing pure oxygen for 7 minutes was 
still about twice the normal value. Treatment with cortisone was stopped on 1/18/50 and 
the patient was well enough to be discharged. 

Within 10 days he relapsed and was readmitted on 2/3/50 with severe asthma. On the 
next day, studies of the arterial blood showed that the oxygen saturation was 60 per cent, 
the pH 7.28 and the pCO, 64 mmHg. Beginning on 2/4/50, the patient received intensive 
treatment with cortisone and later, ACTH. Within a month he became free of symptoms 
and the blood gas and pulmonary studies showed normal values (Fig. 1, 3/1/50 and 6/22/50). 
He has continued to receive either cortisone or ACTH and up to the present time (May, 1951), 
he has remained well. 


CASE 2.—M. A., a 44-year-old man, had bronchial asthma of 36 years’ duration, cor- 
plicated by emphysema and bronchiectasis. Of these 3 conditions, bronchial asthma appeared 
to play the predominant role in the production of respiratory acidosis, which this patient 
clearly had. Aside from the presence of severe asthma, the case is interesting because an 
attempt was made to determine the value of helium and oxygen in treating the existing anoxia 
and acidosis. 


For 6 weeks prior to admission to the hospital on 10/6/50, the patient had marked ag- 
gravation of the existing dyspnea, wheeze and cough. There was no history of hay fever, 
eczema or hives. The patient’s father was said to have had asthma. The significant physical 
findings on admission were limited to the respiratory system. He was in extreme respiratory 
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distress with pronounced expiratory ‘‘grunt.’’ The chest was emphysematous with bilaterally 
symmetrical excursions. Wheezes were heard through the lung fields. There was mod- 
erate cyanosis of the lips and the nail beds. 

Following admission, he was immediately given nasal oxygen at the rate of 6 liters per 
minute and an intravenous infusion of 5 per cent glucose in 2000 ¢.c. of water containing ] 
Gm. aminophyllin, 1 ¢.c. epinephrine 1:1000, and 100 mg. Demerol. The respiratory distress 
increased, breathing became shallow and, within 2 hours after receiving 1600 c¢.c. of the in. 
fusion, the patient could not be aroused. The presence of respiratory acidosis aggravated by 
oxygen was recognized, oxygen and the infusion were discontinued, and shortly thereafter the 
patient recovered his mental faculties. However, he continued to have marked asthma, 

The extent to which Demerol in the infusion contributed to the development of the re. 
spiratory depression and the comatose condition is debatablc. In view of our previous ex- 
perience and the observations subsequently made on this patient’s arterial blood gases, the 
administration of oxygen would appear to have been responsible. 


ARTERIAL BLOOD STUDIES 





























pate | Seventy of % ART. O, SAT. ART. pH ART. pCO2 (mm. Hg) 
Asthma 
AIR | O2 AIR | 0» AIR | 0» 
10-7-50| ++++ 76 100 7.35 7.15 53 104 
( i 
10-9-50| ++++ 63 66 7.30 7.31 62 61' 
10-17-50 + 82 7.34 59 
10-18-50 + 72 100 7.33 7.20 6I 90 
NORMAL VALUES >93 100 7.39 —-7.41 38-46 mm.Hg 




















' After breathing 20% Oxygen & 8O% Helium for 45 min. through BLB mask. 
[m.a.d, 44—1950] 








Fig. 2.—Arterial blood drawn 30 minutes after breathing oxygen, where studies before 
and after breathing oxygen were done. Oxygen (99.6 per cent) supplied by demand regu- 
lator through a mouthpiece, unless otherwise indicated. 


On 10/7/50, the day after admission, while the patient was breathing room air, studies 
of the arterial blood showed the oxygen saturation to be 76 per cent, the pH 7.35 and the 
pCO, 53 mmHg (Fig. 2). Upon the administration of oxygen, the saturation rose to 100 
per cent; the pH fell to the low figure of 7.15 and the pCO, rose to 104 mmHg. On 10/9/50 
an experiment was done with helium and oxygen in order to test the efficacy of such a mixture 
in relieving anoxia and acidosis. As may be seen in Fig. 2, while breathing room air, the 
oxygen saturation was 63 per cent, the pH 7.30 and the pCO., 62 mmHg. After breathing 
a mixture of 80 per cent helium and 20 per cent oxygen for 45 minutes through a BLB mask, 
there was a slight rise in ‘the oxygen saturation to 66 per cent, the pH was 7.31 and the pCO; 
was 61 mmHg. Thus this mixture given in this manner seemed to have no significant ad- 
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vantage over room air. It should be kept in mind, nevertheless, that rebreathing oceurs with 
this type of mask and may have opposed the possible beneficial effects of the helium mixture. 
Further experiments of this kind seem to be warranted. 

Because of severe asthma and failure to respond to the usual medications, a course of 
treatment with ACTH was started on 10/10/50, following which there was gradual improve- 
ment. However, on the sixth day of treatment (10/16/50), the drug was omitted because the 
patient developed a manic depressive type of psychosis. Studies of the arterial blood done on 
the following day, while the patient was breathing room air, showed the oxygen saturation to 
be 82 per cent, the pH 7.34 and the pCO, 59 mmHg. On 10/18/50, 2 days after treatment 
with ACTH was stopped, the oxygen saturation, while breathing room air, was 72 per cent, 
the pH 7.33, and the pCO, 61 mmHg. When breathing oxygen, the saturation rose to 100 
per cent, the pH fell to 7.20 and the arterial pCO, rose to 90 mmHg. The psychotic symp- 
toms cleared within a week and the asthma improved slowly in the following 3 or 4 weeks. 
The patient now has sedentary employment and is being seen at intervals in the allergy clinic. 


DISCUSSION 


The administration of oxygen in the usual manner in certain cases of 
severe bronchial asthma, complicated by respiratory acidosis, may be danger- 
ous. These patients have faulty ventilation, and the arterial blood shows 
hypoxemia, elevated pCO, and lowered pH. The common denominator is a 
decrease in the efficiency and uniformity with which those spaces lined with 
respiratory epithelium are ventilated. 

There are no simple methods available for predicting the effects of oxy- 
gen in these cases. Measurements of the arterial carbon dioxide content and 
pH establish the presence of acidosis and, when repeated during the admin- 
istration of oxygen, are the best means of determining whether or not oxygen 
may be safely given. If facilities are not available for studying the arterial 
blood, the carbon dioxide content of the venous blood, if elevated in the pres- 
ence of asthma or emphysema, and in the absence of any condition which 
may cause metabolic alkalosis, indicates the presence of respiratory acidosis 
and when taken in conjunction with clinical observation of the patient may be 
very helpful. Studies of the arterial blood may also help to determine what 
flow of oxygen may be safely given. That this may be worthwhile is sug- 
gested by the observations deseribed above in the first patient, R. K., in whom 
a flow of 2 liters per minute of oxygen caused a rise in the saturation of the 
arterial blood from 80 per cent to 92 per cent with only a slight fall in pH and 
a slight increase in pCO,. Thus, a significant reduction in the anoxia was pro- 
duced without more than slight aggravation of the acidosis. 


CONCLUSIONS 


Two eases of bronchial asthma are reported in which respiratory acidosis 
was aggravated by the admministration of oxygen. The probable mechanism 
involved is discussed. 

Patients with bronchial asthma and respiratory acidosis should be given 
oxygen cautiously and then should be carefully watched for the possible ap- 
pearance of mental changes. In evaluating such patients, determination of the 
oxygen saturation, pH and pCO, of the arterial blood, both while the patient 
is breathing room air and oxygen, is very helpful. 
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CHEMICAL DETERMINATION OF HISTAMINE IN BLOOD 
IN HEALTH AND DISEASE*t+ 


Pau. F.. peEGARA, M.D., NEw York, N. Y. 


ISTAMINE, isolated by Barger and Dale’ in 1910, was first studied under 
H normal and pathologie conditions by Dale and Laidlaw.?. The relationship 
of histamine and a histamine-like (‘‘H’’) substance to anaphylaxis and allergy 
has been investigated by means of a bio-assay method for quantitative assay 
developed in 1935 by Barsoum and Gaddum.* Release of histamine has been 
observed in connection with antigen-antibody reactions and in conditions re- 
sulting in tissue breakdown. The question whether or not histamine is a factor 
in rheumatic fever seemed to be of interest because it has been postulated that 
this disease may be allergic in nature.*| This assumption is based mostly upon 
analogies with serum sickness’ and studies on experimental animals.® 

The blood histamine level of nonallergie individuals in health, studied by 
bio-assay, was found to be remarkably stable,’ having a range from 2 to 7 gamma 
per cent. Determinations of blood histamine by bio-assay in patients with 
various allergic conditions vielded conflicting results. In asthma, increases 
during attacks were noted by some observers* but not by others. An age factor 
was mentioned by Rose!’ who found the blood histamine of 15 adult asthmatic 
patients to be within normal limits while 10 of 15 juveniles of less than 16 
years of age had elevated levels. During acute attacks of urticaria, high blood 
histamine was reported** but not confirmed'’; elevated levels in 7 of 11 patients 
with eczema were noted.'” 

No reports on blood histamine levels of patients with rheumatic fever were 
published, as far as could be ascertained. 


MATERIAL AND METHODS 


Material.—A total of 115 blood specimens from 80 persons was examined. 
Of these, 10 were adults and 70 were children ranging in age from 4 months to 
14 years. The sex distribution was 39 males and 41 females. The following 
groups were studied: (1) 18 specimens from 18 healthy individuals, (2) 22 
specimens from 19 patients with miscellaneous conditions, (3) 40 specimens 
from 17 patients with active rheumatic fever, (4) 16 specimens from 9 patients 
with ‘‘collagen diseases,’’ and (5) 19 specimens from 17 patients with allergies. 

Forty blood specimens from 20 patients were obtained following a single 
administration of insulin or adrenocorticotropie hormone (ACTH) (Thorn 
Test), or prolonged treatment with ACTH. 

Method.—The chemical method described by Lubschez'' was used. This 
method permits the determination of 2 gamma of free base per 100 ml. of 
blood. The histamine in 5 to 10 ml. of whole blocd is isolated, and the solution 
concentrated and analyzed colorimetrically, using a diazonium reagent. 





*From The New York Hospital, Cornell Medical Center, Department of Pediatrics. 


...tThis study was aided by grants from the Commonwealth Fund and the Helen Hay 
Whitney Foundation. 
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RESULTS 
Blood Histamine Levels in Health and Disease.—The blood histamine levels 
of 75 specimens obtained from 75 persons are summarized in Table I. 

















TABLE I. HISTAMINE LEVELS OF BLOOD IN HEALTH AND DISEASE 
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PERSONS HISTAMINE LEVEL 
AND BLOOD BELOW | 8.0 y PER CENT 
SPECIMENS | 2 y PER 2.0 To 7.9 y PER CENT OR HIGHER 
EXAMINED CENT NUM- NUM- | 
GROUP| DIAGNOSIS | NUMBER NUMBER | BER VALUES | BER VALUES 
1 Well 18 i 11 =. 2.0; 2.5; 3.3; 3.6; 


3.9; 4.5; 5.2; 
0:8: 6.53 1.33 





7.3 
2 Miscellaneous 18 a 
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acute 2 a 6.5 a 8.5 i 
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; 11.3; 41.6 
Urticaria 2 1 4.3 1 14.0 
Loeffler syn- 1 ] 10.2 
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The blood histamine level of 18 healthy individuals ranged from less than 
2 to 7.3 gamma per cent, with an average of 3.6 + .53. However, because the 
highest value of histamine in health was found to be 7.3, and since the method 
itself may carry a 10 per cent error, only levels above 8 gamma per cent were 
considered elevated. This range of values is comparable to that reported by the 
bio-assay method.’ 

In the second group of 18 patients with miscellaneous, nonallergie and non- 
rheumatic conditions, levels of 8 gamma per cent or higher were found in 2; 
one of them had diabetes insipidus, the other glomerulonephritis. The cutaneous 
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eruptions observed in this group were not urticarial, and probably toxie rather 
than allergic in nature. 

Of 15 patients with rheumatic fever, 10 were in the acute exudative stage 
and 3 of them had histamine levels above 8 gamma per cent; 3 were in the pro- 
liferative phase and 2 of these had histamine levels greater than 8 gamma per 
cent; 2 had chorea, one of whom had a blood histamine level of 13.3 gamma per 
cent. 

In the group of ‘‘eollagen diseases’’ levels above those of healthy persons 
were found in one child with lupus erythematosus and 2 with rheumatoid arth- 
ritis of long duration accompanied by cutaneous eruptions, while 4 patients 
with early rheumatoid arthritis had a normal level of blood histamine. 

Finally, as might have been anticipated, the greatest number of patients 
with histamine levels greater than 8 gamma per cent was observed in the group 
of allergic patients, especially those with acute bronchial asthma where levels 
above 8 gamma were found in 4 child patients of the 5 studied (the fifth was an 
adult). In atopie eczema, only 3 of 9 cases had histamine levels that were 
higher than those of healthy individuals and there was no apparent relationship 
between duration of the disease and histamine level. Histamine levels above 
8 gamma per cent were also obtained in a patient with Loeffler’s pneumonia, 
and in 1 of 2 cases of acute urticaria. 

Relation of Blood Histamine to Injections of Insulin or ACTH.—Blood 
histamine studies were done on 7 specimens from 6 patients, 4 hours after a 
single injection of either 0.1 unit per kilogram of insulin or of 25 mg. ACTH 
(Thorn Test). Further studies were made on 33 specimens from 14 patients 
before, during and after single or repeated courses of ACTH in amounts vary- 
ing from 140 to 535 mg. 

Four hours after a single injection of insulin or of ACTH, a decrease of 
blood histamine was noted in 3 patients and an inerease in one. The results in 
2 patients were inconclusive. 

Blood histamine levels of the 14 patients who received prolonged treatment 
with ACTH showed the following: decreases in 3, no change in 3, increases in 
6 and fluctuation in 2. In general, it would appear from this limited number 
of observations that there was frequently an initial decrease of the blood hista- 
mine level during treatment followed by an increase which may have occurred 
at a later stage at a time when treatment with ACTH had already been dis- 
continued. It could possibly indicate a ‘‘rebound’’ reaction. 

Relation of Blood Histamine to Total Number of Leucocytes and Eosino- 
phils—Total white blood counts and eosinophil counts were done on 54 of the 
80 patients at the time when blood was obtained for histamine studies. There 
was no correlation between number and type of white blood cells and histamine 
levels. One patient with eczema had 9,400 leucocytes, 51 per cent of which were 
eosinophils and the chamber count revealed 2,665 eosinophilic cells. The hista- 
mine level, however, was below 2 gamma per cent. On the other hand, a pa- 
tient with lupus erythematosus and an elevated blood histamine level of 17 
gamma per cent had 10,900 leucocytes with no eosinophils. These observations 
are in agreement with those previously reported by others.** 1? . 
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Histamine Level of Blood in Relation to Skin Eruptions—Twenty-five pa. 
tients had a skin rash at the time when histamine was determined in the blood, 
An elevation of the level above 8 gamma per cent was found in 9 (36 per cent) 
of them. 
COMMENT 


It is of interest that the values obtained by chemical determination are 
within the range of those of the bio-assay. As might have been anticipated, 
blood histamine levels of 8 gamma or more were found most frequently in 
allergic conditions. It should be noted, however, that even in this group only 
9 of 17 patients (approximately 53 per cent) had levels exceeding the range 
found in healthy individuals. This would indicate that elevation of blood 
histamine is not a necessary accompaniment of allergy. It is of interest that 
an age factor was present in the asthmatics as previously noted by Rose." 

In the group of ‘‘collagen diseases’’ the incidence of histamine levels above 
8 gamma per cent was lower than in allergic conditions. It was still lower in 
rheumatic fever. Our limited experience does not permit conclusions, but it is 
of interest that in rheumatoid arthritis as well as in rheumatic fever, the blood 
histamine levels over 8 gamma per cent were found more often in late, pro- 
liferative stages of these diseases. If antigen-antibody reactions were mainly 
responsible for an increased blood histamine level, this should manifest itself 
during early or ‘‘exudative’’ phases of these conditions. 

The changes of blood histamine levels following administration of adreno- 
corticotropic hormone (ACTH) are difficult to interpret inasmuch as they were 
rather inconsistent. It should be remembered that the main reasons for changes 
of histamine levels are antigen-antibody reactions and tissue breakdown. Initial 
decreases of the histamine level in a few patients with acute inflammatory con- 
ditions could be explained by an interference of adrenal steroids with antibody 
production'’; however, the question of the effect of ACTH on antibodies is still 
unsettled.1¢ Decrease of histamine following administration of adrenal steroid 
may also be related to increased urinary histidine, and increased histaminase 
activity.’ Inereased blood histamine levels frequently observed during the 
later phases of treatment with ACTH, or even after its termination, could be 
related to the increased destruction of leucocytes, known to oceur at this stage." 


SUMMARY AND CONCLUSIONS 


In this pilot study, histamine was determined by a chemical method in 115 
specimens of whole blood from 80 persons (70 children, 10 adults). The normal 
range, as determined in 18 persons, was from less than 2 to 7.3 gamma per cent. 
Levels above 8 gamma per cent were noted in 2 of 18 children with miscellaneous 
conditions, in 6 of 15 patients with active rheumatic fever, in 3 of 7 patients 
with collagen diseases and in 9 of 17 persons with allergic conditions. 
Following injection of adrenocorticotropic hormone, an increase of blood 
histamine was noted in some instances while there were decreases or fluctuations 
of the levels in other patients. These changes were not consistent and their 
significance is discussed. 
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There was no correlation between number of circulating eosinophilie leuco- 
eytes and blood histamine level. 
, Analysis of the clinical manifestations of patients with rheumatic diseases 
(rheumatic fever, rheumatoid arthritis) revealed that elevated levels were found 
mostly during the proliferative stages of these diseases. It is assumed that these 
elevations are related to increased tissue and leucocyte breakdown and _ not 
caused by antigen-antibody reactions. 
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THEOPHYLLINE BLOOD LEVELS AFTER INSUFFLATION OF 
MICRONIZED AMINOPHYLLINE POWDER* 


SAMUEL H. WaAx.er, M.D., AND Herpert B. Moy, A.B. 


N A previous article on the administration of aminophylline, Waxler and 
Schack® evaluated the dosage forms in which this drug is commonly pre- 
seribed to patients. Blood theophylline concentrations were determined follow- 
ing the administration of aminophylline by the oral, rectal, intravenous and 
intramuscular routes. The rate of appearance and disappearance of the drug 
in the blood stream and the level which the drug attained were described. Since 
the inhalation of theophylline and its allied compounds is not a generally ae- 
cepted therapeutic procedure, we did not deem it desirable at that time to 
present such data. Aminophylline, in the nebulized and powdered form, has 
been suggested in the treatment of bronchial asthma,’ * * however, no quantita- 
tive studies on theophylline blood levels following inhalation have been reported. 
It is generally agreed that during any inhalation procedures, some of the 
material is swallowed. Since orally administered aminophylline is readily 
absorbed, the blood level attained during inhalation could represent absorption 
from both the gastrointestinal and respiratory systems. To obviate this factor, 
the inhalation route was studied in rabbits whereby the powdered medicant 
was insufflated directly into the pulmonary system. These animals were com- 
pared with a group of rabbits given intravenous aminophylline. 





MATERIALS AND METHODS 


Fifty rabbits weighing about 3 kilograms each were lightly anesthetized 
with ether. A 7 ml. blood sample was taken by cardiac puneture from each 
animal. A small incision was made in the neck region, exposing the trachea and 
a 14 gauge needle was inserted between the tracheal rings and directed caudad. 
A DeVilbiss powder blower (No. 119) was then connected to the needle and a 
measured amount of (200 mesh) aminophylline powder (15 mg. per kilogram) 
was blown into the lungs. 

A second group of 12 rabbits were given an intravenous infusion of ami- 
nophylline (15 mg. per kilogram) into the ear vein. Serial blood samples of 
about 7 ¢.c. each were obtained by cardiac puncture at intervals from 5 minutes 
to 24 hours after administration of the 2 dosage forms of aminophylline. The 
blood samples were analyzed for their theophylline content by the ultraviolet 
spectrophotometric method in a Beckman DU spectrophotometer.* 


RESULTS 


The data for the insufflation route of administration (Fig. 1) has been 
presented as a scatter diagram in order to show the range of distribution for 
each time interval. The earliest sample drawn 5 minutes after the aminophyl- 







, *Department of Pharmacology and Therapeutics, Stanford University School of Medi- 
cine, San Francisco 15, Calif. 


This study was aided by a grant from G. D. Searle & Co. 
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line powder had been blown into the lungs showed a high level of theophylline 
in the blood. Values of similar high order were obtained during the first hour 
and they continued for 6 hours thereafter. After this, there was a gradual de- 
erease in the blood concentration of theophylline through the day. At the end 
of 24 hours, about one-half of the animals had no demonstrable blood theophyl- 























































d line level, and the remainder had approached the lowest measurable significant 
e- : level, namely 100 micrograms per 100 ¢.c. of blood. The high initial level ob- 
v- 4 tained by intravenous administration of aminophylline was followed by a 
d progressive decline in the blood level of theophylline. Samples drawn at the 
g first hour showed a mean value of 1580 micrograms per 100 ¢.c. of blood. There 
e was a decrease in the blood titer from this time until eventual disappearance of 
4 the compound from the blood stream between the fourteenth and nineteenth 
0 hours. 
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Fig. 1.—Blood theophylline levels following administration of aminophylline by the insufflation 
and intravenous routes. 








DISCUSSION 





The study indicates that there is a rapid absorption of aminophylline from 
the lungs of rabbits, certainly within 5 minutes after inhalation of the drug. 
There is a high concentration of theophylline in the blood at this time and this 
continues for the next several hours. Also the quantity of theophylline is 
slightly higher and the rate of disappearance of the drug from the blood stream 
is slower than in the rabbits given the drug by the intravenous route. Animals 
showed no distress when almost 50 mg. of powdered aminophylline was sprayed 
directly into the lungs in 1 or 2 doses. 
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SUMMARY 


1. Theophylline enters the circulation within 5 minutes after insufflation 
of aminophylline powder into the lungs of rabbits. 

2. Associated with this rapid absorption are high blood levels of theophyl- 
line which appear early and remain elevated several hours. 

3. There is a gradual disappearance of theophylline from the blood stream 
over a period of 24 hours. 
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FRACTIONATION OF POLLEN EXTRACTS BY 
CHROMATOGRAPHY * ti 


I. PRELIMINARY STUDIES WITH RAGWEED EXTRACT 


ARNoLD DANKNER, M.D., SAMUEL C, Bukantz, M.D., Mary C. Jounson, A.B., 
AND Harry lL. ALEXANDER, M.D., St. Louts, Mo. 


URING the past half century numerous investigations have been conducted 
D in an effort to isolate and define chemically the antigenic substances in 
‘agweed pollen. It was at first generally accepted that the antigenic material 
was a protein, but later studies indicated the presence of active carbohydrate 
eomponents.'® Gradually, evidence has accumulated which suggests that the 
allergenic activity of ragweed pollen extracts is shared by a number of com- 
ponents* **? Recent investigations indicate that these active components vary 
in molecular weight from 650 to 5000, '* and one investigator has presented 
evidence to suggest that the antigenic components may be pigment-carbohydrate- 
polypeptide complexes.'* ** Past studies of the chemical nature of the ragweed 
pollen components have been extensively reviewed in several recent publica- 
tions.?4°?7 

Paper chromatography provides a method for the isolation and identifica- 
tion of the components of a complex mixture. The extensive literature pertain- 
ing to the techniques and previous applications of paper chromatography has 
been summarized in a number of publications.?*-** This study was undertaken 
in an effort to resolve and identify the components of ragweed pollen extract by 
the application of paper chromatography. 


EXPERIMENTAL PROCEDURES AND RESULTS 


Preparation of Ragweed Pollen Extract—Low ragweed pollen was defatted 
with ether in a Soxhlet extraction apparatus. The defatted pollen was extracted 
with Coca’s alkaline extracting fluid*® modified by the addition of 5 per cent 
glycerine. The ratio of pollen to extracting fluid was 1:14 and extraction was 
allowed to progress for 15 minutes with vigorous agitation in a Waring blender. 
The pollen residue was removed by filtration through Whatman #1 filter paper. 
The extract was sterilized by Seitz filtration and stored in the refrigerator at 
4° ©. The total nitrogen content of the extract was 0.9 mg. per eubie centi- 
meter and the phosphotungstie acid precipitable nitrogen was 0.5 mg. per cubic 
centimeter. This extract will be referred to as whole ragweed extract. 

Dialysis of Whole Ragweed Extract —An aliquot of whole ragweed extract 
was placed in a 36/32 Visking sae and dialyzed against running tap water at 
4° ©. for 16 days. The fluid within the sae remained clear and no precipitate 
formed. After Seitz filtration this fluid had a total nitrogen content of 0.15 


*From the Department of Internal Medicine, Washington University School of Medicine, 
and the Oscar Johnson Institute for Medical Research, St. Louis, Missouri. 

*This study was supported by a grant from the Lasdon Foundation. 
: iPresented in part at the Seventh Annual Meeting of the American Academy of Allergy, 
New York, February 5-7, 1951. 
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mg. per cubic centimeter and a phosphotungstic acid precipitable nitrogen con- 
tent of 0.15 mg. per cubic centimeter. This liquid will be referred to as dia. 
lyzed residue. 

A second aliquot of whole ragweed extract was placed in a 36/32 Visking 
sae and dialyzed against a seven fold volume of distilled water for 72 hours at 
4° C. A stream of air bubbles was used to keep the fluid outside of the sae con- 
stantly agitated. At the end of the 72 hour period the fluid outside of the 
Visking sac was concentrated to 14 of its original volume by rapid evaporation 
at room temperature. This fluid was labelled dialysate of ragweed extract, 
Its total nitrogen content was 0.41 mg. per cubic centimeter and phosphotune- 
stie acid precipitable nitrogen was 0.09 mg. per cubic centimeter after Seitz 
filtration. 

Preparation of Two-Dimensional Chromatograms.—Two-dimensional paper 
chromatograms were prepared by downward migration of the solvents on 18 x 
2214 inch Whatman #1 filter paper. With minor variations the procedure was 
earried out as described by Consden, Gordon and Martin.*! Near a corner of 
the paper, 6 em. from 2 edges was applied 0.025 ml. to 0.050 ml. of the solution 
to be analyzed. The sample was allowed to dry at room temperature. One edge 
of the paper was then placed in the trough of the first chamber where water- 
saturated phenol was allowed to migrate downwards for 18 hours. The at- 
mosphere in this chamber contained ammonia and was saturated in respect to 
both phenol and water. After removal from the chamber the paper was dried 
in a strong air current at room temperature for 8 to 12 hours. The paper was 
then secured in the trough of a second chamber where water-saturated lutidin 
(2-4 methyl pyridine) was allowed to migrate downward for 30 hours in a 
direction at right angle to the previous phenol development, The atmosphere in 
this chamber was saturated in respect to lutidin and water. The chromatogram 
was then dried and inspected in ordinary and ultraviolet light.* The paper 
was then sprayed with 0.1 per cent ninhydrin (triketohydrindene-hydrate) in 
water-saturated butyl alcohol and the colors allowed to develop at room tempera- 
ture. The ninhydrin reaction is used to detect the positions of amines, amino 
acids, peptides and related substances on the chromatograms. Other chromato- 
grams were treated with Partridge’s aniline hydrogen oxalate reagent*! which 
reacts with aldohexoses and pentoses. 

Samples of each material were hydrolyzed with 6N HCl at 100° for 18 
hours and the hydrolysate applied to sheets for the preparation of chromato- 
grams in the same manner. By comparing these chromatograms with those 
prepared from unhydrolyzed material it was possible to identify the positions 
of peptides and to determine their qualitative amino acid composition. Pep- 
tides appear as single ninhydrin reactive areas on the two-dimensional chromato- 
grams. After acid hydrolysis the ninhydrin spot characteristic of a peptide 
disappears and multiple ninhydrin spots appear corresponding to the con- 
stituent amino acids of the peptide. 

Amino acid identifications were made by establishing the precise super- 
imposition of the unidentified ninhydrin spots with those ninhydrin spots of 





*GE-CH4 bulb with double rondel filter Corning #5874 wave length .32-,40 Microns. 
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known amino acids. This was accomplished by the simultaneous development of 
4 chromatograms. The first chromatogram was prepared from a sample of the 
material being analyzed, the second from an aliquot of this same material after 
acid hydrolysis, the third from selected known amino acids, and the fourth from 
a mixture of the hydrolyzed material being analyzed and the selected known 


amino acids. 

Chromatographic Analysis of Dialysate of Ragweed Extract.—Aliquots of 
the dialysate containing a total of 0.1 mg. of nitrogen resulted in satisfactory 
chromatograms whereas quantities containing 0.2 mg. of nitrogen resulted in 
considerable overlapping of spots. Fig. 1 is a composite tracing of several 
chromatograms of dialysate of ragweed extract. Two areas labelled P and D 
were yellow before chromatograms were treated with color producing reagents 
and these areas were fluorescent under the ultraviolet lamp. When chromato- 
orams of dialysate were treated with aniline hydrogen oxalate reagent the area 
labelled CHO appeared. Chromatograms treated with ninhydrin revealed the 
areas labelled 1 through 10 which are the positions of leucine, valine, proline, 
hydroxyproline, alanine, y-aminobutyrie acid, £-alanine, glutamine, asparagine 
and aspartic acid respectively. An occasional trace of glycine was found to 
overlap the upper portion of the asparagine spot but because this was ineconstant 
it is omitted from the tracing. Also appearing on chromatograms treated with 
ninhydrin were the areas labelled A, B, C, and the previously noted area D 
which became blue after ninhydrin treatment. 

Chromatograms of dialysate after acid hydrolysis did not contain the nin- 
hydrin reactive areas A, B, C, and D. Asparagine and glutamine spots were 
absent, valine, aspartic acid and alanine spots were definitely increased and 
leucine, proline, hydroxyproline amino butyrie acid and B-alanine spots appeared 
with approximately the same size and intensity noted with unhydrolyzed samples 
of dialysate. In addition ninhydrin reactive spots in the positions of glutamic 
acid, glycine, serine and lysine appeared, the serine and lysine spots being quite 
faint. 

These observations strongly suggested that the substances labelled A, B, 
C, and D were peptides. This interpretation was based on the disappearance 
of these spots after acid hydrolysis, the concomitant increase of some of the 
previously noted amino acids, and the appearance of amino acids not present 
on chromatograms of unhydrolyzed dialysate. Inspection of two-dimensional 
chromatograms (Fig. 1) revealed that areas A, B, C, D, and CHO were well 
separated by the lutidin development. Accordingly, this solvent was used to 
fractionate the dialysate so that these substances might be analyzed independ- 
ently. 

Chromatographic Fractionation of Dialysate of Ragweed Extract.—Ali- 
quots of dialysate, each containing a total of 0.5 mg. of nitrogen, were applied 
to sheets of filter paper as 17 inch streaks 3 inches from one edge of the paper. 
The papers were then developed with lutidin so that the components were 
separated as parallel bands across the paper. After 30 hours of development 
the chromatograms were dried and exposed to a strong air current for 12 hours 
to remove the lutidin. Strips were then cut from the sides of each chromatogram 
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and these were treated with aniline hydrogen oxalate and ninhydrin. Using 
these as reference strips the untreated center portion of the chromatograms 
could be eut into sections containing the fractions CHO, A, B, C, and D ye. 
spectively (Fig. 2). The sections of the chromatograms interspaced between 
these areas were retained for further study. 

The fractions were obtained from the cut sections of the chromatograms by 
elution with distilled water. For this purpose a Petri dish containing distilled 
water was placed on a ringstand and one end of a paper strip to be eluted was 
secured below the water level in the dish by a glass weight. The remainder of 
the strip was allowed to hang over the edge of the Petri dish with the lower end 
of the paper inserted in the mouth of a test tube. The apparatus was covered 
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Fig. 1.—A composite tracing from chromatograms of the dialysate of ragweed extract. 
l-leucine, 2-valine, 3-proline, 4-hydroxyproline, 5-alanine, 6-y-aminobutyric acid, 7-f-alanine, 
8-glutamine, 9-asparagine, 10-aspartic acid; P-pigment ; CHO-carbohydrate; A, B, C, and D- 
peptides (see text). 


with a bell jar to prevent evaporation during the downward migration of the 
water through the paper strip. Treatment of a few of the strips with ninhydrin 
or aniline hydrogen oxalate, after elution with varying quantities of water, re- 
vealed that most of the reactive material was contained in the first few milliliters 
entering the collecting test tube. 


The eluates from 250 strips were evaporated to dryness in watch glasses at 
room temperature under the air current of an electric fan. The material in 
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each watch glass was weighed and then redissolved in distilled water for further 
chromatographic studies or redissolved in physiologic saline with the addition 
of Merthiolate 1:10,000 for immunologie studies. 


Analysis of Dialysate Fractions.— 

Fraction A: Two-dimensional chromatograms of 1 mg. of fraction A 
treated with ninhydrin revealed the presence of leucine and the spot previously 
labelled A. After acid hydrolysis of 1 mg. of this fraction the leucine spot ap- 
peared unchanged but the spot denoting the position of A substance was no 
longer present. Ninhydrin reactive areas in the positions of aspartic acid, 
glutamic acid, glycine and alanine appeared. Fig. 3 is a composite tracing of 


these chromatograms. 

















FRACTION D 


ORIGINAL SITE OF APPLICATION 












































Fig. 2.—Chromatographic fractionation of dialysate of ragweed extract. A.H.O.-refer- 
ence strips treated with aniline hydrogen oxalate. N-reference strips treated with ninhydrin. 
The broken lines indicate how the center untreated portion of the chromategram was cut 
into strips containing fractions CHO, A, B, C and D respectively. 

Fraction B: One milligram samples of fraction B were analysed by two- 
dimensional chromatography before and after acid hydrolysis. Prior to hydro- 
lysis only the ninhydrin reactive spot previously labelled as denoting substance 
B was observed on the chromatograms. This spot was absent after the material 
was hydrolyzed and the chromatograms then contained ninhydrin reactive areas 
in the positions of valine, alanine, glycine, serine, glutamic acid and aspartic 
acid. ig. 4 is a composite tracing of these chromatograms. 
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Fraction C: Chromatograms of fraction C were found to contain, in ad- 
dition to the substance labelled C, ninhydrin reactive spots in the positions of 
proline, hydroxyproline, alanine, asparagine, f-alanine, y-aminobutyrie acid, 
and glutamine. After hydrolysis of the fraction there was a definite increase 
in alanine, an appearance of at least 5 new ninhydrin reactive spots, and the 
disappearance of the spot labelled C. A further analysis of fraction C jg in 
progress. 





---- = BEFORE ACID HYDROLYSIS 
— =AFTER ACID HYDROLYSIS 
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Fig. 3.—A composite tracing of the ninhydrin reactive areas on the chromatograms of 
fraction A before and after acid hydrolysis. The area labelled A was present before acid 
hydrolysis and absent after acid hydrolysis. Ninhydrin reactive areas in the positions of 
aspartic acid, glutamic acid, glycine and alanine were present only after acid hydrolysis. A 
spot in the leucine position was present in approximately the same size and intensity both be- 
fore and after acid hydrolysis. These chromatograms indicate that the area labelled A is 
a peptide and that fraction A contains free leucine as well as ‘peptide <A.” 

Fraction D: One milligram samples of fraction D were analysed by phenol- 
lutidin chromatography before and after acid hydrolysis. The chromatograms 
of the unhydrolyzed material revealed ninhydrin reactive areas in the positions 
of substance D and aspartic acid. Chromatograms of the hydrolyzed material 
revealed an absence of the substance D spot, an increase in the aspartic acid 
spot, and the appearance of spots in the positions of alanine, lysine, glycine, 
serine, and glutamic acid. Tracings of these chromatograms are presented in 
Fig. 5. 

Fraction CHO: Fraction CHO reduced Benedict’s solution with heat and 
also gave a strong Molisch reaction. Further analysis of this carbohydrate frac- 
tion is in progress. 
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Chromatographic Analysis of Dialyzed Residue.—Quantities of the dialyzed 
residue containing 0.2 mg. of nitrogen were used for the preparation of chroma- 
tograms developed with phenol and lutidin. No ‘‘spots’’ appeared when these 
chromatograms were treated with ninhydrin or alinine hydrogen oxalate. The 
dialvzed residue also failed to react with these reagents when the same quanti- 
ties were merely applied to small spots on filter paper which was not developed 
with solvents. Chromatograms of 0.2 mg. of acid hydrolyzed dialyzed residue 
revealed the presence of 15 ninhydrin reactive spots. These have been identified 
as occupying the positions of tyrosine, leucine, valine, proline, y-aminobutyrie 
acid, hydroxyproline, alanine, threonine, arginine, glycine, serine, cystine, ly- 
sine, glutamic acid, and aspartic acid (Tig. 6). 





--— = BEFORE ACID HYDROLYSIS 
—— = AFTER ACID HYDROLYSIS 























Fig. 4.—A composite tracing of the ninhydrin reactive areas on the chromatograms of 
fraction B before and after acid hydrolysis. A single ninhydrin reactive area was present 
on chromatograms of the unhydrolyzed fraction and this area is labelled B. Chromatograms 
of fraction B after acid hydrolysis revealed the presence of valine, alanine, glycine, serine, 
glutamic acid and a trace of aspartic acid but the area labelled B was absent. The chromato- 
grams indicate that the area labelled B is representative of a peptide. Since this “peptide B” 
partially overlaps the position of valine, traces of which are in the dialysate, fraction B 
probably contains a small quantity of free valine in addition to ‘peptide B.” 





Chromatographic Analysis of Whole Ragweed Extract—Chromatograms of 
aliquots of whole ragweed extract containing 0.2 mg. of nitrogen appeared 
identical to those observed with the dialysate. Chromatograms of this material 
after acid hydrolysis, however, differed from the posthydrolysis chromatograms 
of dialysate in that there was an increase in proline and hydroxyproline and an 
appearance of the other ninhydrin reactive spots observed on the chromato- 
grams of hydrolyzed dialyzed residue. 
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Immunologic Reactions with Fractions.—Kach of 16 control subjects was 
tested intradermally with whole ragweed extract and dialyzed residue in eon. 
centrations of 125 protein nitrogen units (P.N.U.), and with dialysate fractions 
A, B, C, D, and CHO in concentrations of 2 mg. per milliliter. There were no 
positive reactions in this control group. Using the same test concentrations jn 
17 ragweed sensitive subjects, all reacted positively to the whole extract and to 
the dialyzed residue, and 15 of the 17 reacted positively to one or more of the 
dialysate fractions. These reactions are recorded in Table I. Material eluted 
from the areas of the chromatograms interspaced between the ninhydrin re. 
active fractions was found to be inactive. 





—-— * BEFORE ACID HYDROLYSIS 
—— = AFTER ACD HYDROLYSIS 
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Fig. 5.—A composite tracing of the ninhydrin reactive areas on chromatograms of 
fraction D before and after acid hydrolysis. The area labelled D and a trace of aspartic acid 
were identified on chromatograms of the unhydrolyzed fraction. After acid hydrolysis the area 
labelled D was absent, the aspartic acid area was markedly increased, and ninhydrin reactive 
areas appeared in the positions of alanine, lysine, glycine, serine and glutamic acid. These 
chromatograms indicate that the area labelled D is a peptide and that fraction D contains a 
trace of free aspartic acid in addition to “peptide D.”’ 


Twenty-five sera known to contain reagins to whole ragweed extract were 
used to determine the reactivity of fractions by passive transfer technique. 
These sera were available from previous studies in this laboratory and were not 
obtained from the patients tested intradermally. The sera were used undiluted 
and challenged 48 hours laier with fractions A, B, C, D, and CHO in eoneentra- 
tions of 10 mg. per milliliter. and with dialyzed residue and whole extract in 
a concentration of 1,000 P.N.U. per milliliter. Positive passive transfer reactions 








Vas 


id 





DANKNER ET AL.:. FRACTIONATION OF POLLEN EXTRACTS 











TABLE I. DIRECT INTRADERMAL REACTIONS* 
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'*0.01 to 0.02 ml. of each test fraction injected 
42.0 mg./ml. test concentration 

$125 P.N.U. test concentration 

Wheal size: + 8 to 25 sq. mm. 

++ 26 to 50 sq. mm. 

+++ 51 to 65 sq. mm. 

++++ >65 sq. mm. 












TABLE II. PASSIVE TRANSFER REACTIONS* 








——_—_————————r—r—r— = —— ae ee - 

es © | BIALTOATE FRACTIONS? DIALYZED} WHOLE} 

PATIENT | A re + 4 | bp | CHO RESIDUE EXTRACT 
——-— +; i + + 0 0 + ++ +++ 
2 +t + + + +H pete 
3 0 ++ 0 +++ ++ +H + 
+ 0 ++ 0 0 0 44 + 
5 0 0 + + batt +++ 
6 + 0 0 + + bit +++ 
7 oe +++ ++ +44+ + +H+ +++ 
8 0 0 0 + 0 pear ar: 44 
9 t+ ++ + +++ + ++ +44++ 
10 0 a 0 ++ eee peer 
11 ++4++ 3 ee Sa at al bee +444 
12 ne + + + 0 +4+4++ +++ 
13 0 + 0 oH +E 4h 
14 + a3 0 + + + 
15 0 0 0 0 a + 
16 + e t + + + 
4 17 0 0 0 0 + 44 
i Fraction 9/17 12/17 7/17 = 18/17 5/8 17/17 17/17 

4 reacting 


D 


















“DIALYSATE FRACTIONSt 

































as aA ____|soprAnyzepg | WHOLE§ 
SERUMt A | B | c | D | CHO | RESIDUE | EXTRACT 
1 ++ ++ ++ ++++ 0 ++++ +4+4++ 
a 2 +44 bet+ +4+++ +444 +4+4++ +H++ ++++ 
a 3 0 4+ 7% 0 0 oes tet 
F 4 0 tet +4 ++ ++ s4Ht ++++ 
5 +4++ ++ e + ++FF EE 
6 t+ ++ t+++ +++ +++ +++ +t 
7 + ++++ + 0 0 H++ ++++ 
8 t+++ +4+++ ++++ ++4++ +++ ++++ ++++ 
9 0 0 0 0 0 +++ Tee 
10 0 Shee 0) 0 0 +++ ++++ 
11 0 ot 0 0 0 os. 444+ 
12 ++ ~ +4 ++ + ++++ +++ 
4 13 +++ ead +4 ++ a +++ +++ 
; 14 ++ 0 0 ++++ + EES +tH++ 
15 ++4++ +++ + ++ 0 ++++ ++++ 
16 0 0 0 +++ 0) ++++ ++++ 
17 0 0 0 0 0 ftir 4+4+4++ 
18 ttt +++ +4 0 +++ pet ++++ 
19 0 0 0 0 0 +++ +++ 
20 bet 0 0 0 ar eee 444+ 
21 ++ 0 0 + 0 H+ ++++ 
22 0 +44 0 0 0 beat ++++ 
23 +++ + 0 ++ +++ Lata +++ 
24 0 H+ 0 0 0 H+ td 
25 ++ 0 + + 0 +++ +++ 
Fraction 15/25 17/25 13/25 14/25 11/25 25/25 25/25 
reacting 





*.02 ml. of each test fraction injected 

7.05 ml. undiluted serum injected, challenged 48 hours later 
$10.0 mg./ml. test concentration 

§1000 P.N.U. test concentration 

Wheal size: + 20 to 39 sq. mm. 

++ 39 to 85 sq. mm. 


+++ 85 to 180 sq. mm. 
++++ >180 sq. mm. 
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occurred with each sera challenged with the dialyzed residue and 22 of the 25 
sera reacted to one or more of the dialysate fractions. This data is presented in 
detail in Table II. 

By the usual neutralization technique* ** homologous neutralization was 
observed with the dialyzed residue and with each of the 5 dialysate fractions, 
These observations are presented in Table ITI. 
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Fig. 6.—A tracing of a chromatogram of dialyzed residue after acid hydrolysis. The 
ninhydrin reactive areas were identified as 1-tyrosine, 2-leucine, 3-valine, 4-proline, 5-y- 
aminobutyric acid, 6-hydroxyproline, 7-alanine, 8&-threonine, 9-arginine, 10-glycine, 11-serine, 
12-cystine, 13-lysine, 14-glutamic acid and 15-aspartic acid. There were no ninhydrin reactive 
areas on the chromatograms of unhydrolyzed dialyzed residue. The dialyzed residue therefore 
contains one or more proteins or large polypeptides. 


SUMMARY 


A method has been presented whereby a minimum of 6 different active com- 
ponents were obtained from ragweed pollen extract. Five of these components 
readily diffuse through Visking membrane and are therefore of relatively small 
molecular size. It has been demonstrated that 4 of the diffusible components 
are peptides and the major amino acid composition of 3 of these peptides has 
been defined. The fifth diffusible active component is a carbohydrate. 

In addition to the diffusible active components there is a highly active frae- 
tion of ragweed extract which is retained by Visking membrane after 16 days 
of dialysis against running water. It has been demonstrated that this dialyzed 
residue contains at least one large polypeptide or protein. The observation that 
this material is not readily demonstrable by the ninhydrin reaction on paper 
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suggests that the polypeptide or protein contains relatively few free amino 
eroups. The major amino acid composition of the protein or polypeptide com- 
fo) 


ponents of the dialyzed residue has been determined. 


TABLE III. HomMo.Logous NEUTRALIZATION OF FRACTIONS 





MIXTURE* | 














FINAL SERUM FINAL FRACTION REINJECTION t 
DILUTION CONTENT | REACTION 

A Fraction 1:2 0 +4+ 
Keg 2 mg./ml. + 
b:2 10 mg./ml. 0 
1:20 0 + 
1:20 2 mg./ml. 0 
1:20 10 mg./ml. 0 
B Fraction Pea 0 ++++ 
1:2 2 mg./ml. ++ 
1:2 10 mg./ml. ca 
1:20 0 ++++ 
1:20 2 mg./ml. ++ 
1:20 10 mg./ml. 0 
C Fraction Es2 0 +++ 
1:2 2 mg./ml. 4+4+4++ 
B23 10 mg./ml. + 
1:20 0 444+ 
1:20 2 mg./ml, t4+ 
1:20 10 mg./ml, 0 
D Fraction #2 0 444+ 
1:2 2 mg./ml. ++4++ 
1:2 10 mg./ml. +++ 
1:20 0 t4+++ 
1:20 2 mg./ml. H+ 
1:29 10 mg./ml. 
CHO Fraction Esa 0 +44++ 
1:2 2 mg./ml. H+ 
1:2 10 mg./ml. ++ 
1:20 0 +++ 
1:20 2 mg./ml. + 
1:20 10 mg./ml. 0 
Dialyzed residue 1:2 0 ++++ 
traction 1:2 25 P.N.U./ml. t+tHt+ 
1:2 100 P.N.U./ml. - 
1:20 0 44ty 
1:20 25 P.N.U./ml. t+ 
1:20 100 P.N.U./ml. 0 





*Each fraction was dissolved in normal saline and mixed with serum to yield the final 
concentrations of fraction and serum indicated. The recipients received intradermal injections 
of 0.05 ml. of each mixture. 

+The recipient sites were reinjected after 48 hours with 0.02 ml. of the homologous 
fraction. The concentration used for retesting was 10 mg. per milliliter for fractions A, B, 
‘ 


C, D, and CHO; and 1000 P.N.U. per milliliter for the dialyzed residue. 


Wheal size: + 20 to 39 sq. mm. 
++ 39 to 85 sq. mm. 
+++ 85 to 180 sq. mm. 
++++ >180 sq. mm. 


The activity of each of the fractions described has been demonstrated by 
direct intradermal test in ragweed-sensitive subjects and by passive transfer 
and neutralization techniques. Each ragweed-sensitive subject reacted to the 
dialyzed residue and a positive passive transfer reaction was obtained with each 
reaginie serum challenged with this material. Fifteen of 17 ragweed-sensitive 
subjects and 22 of 25 reaginie sera reacted to one or more of the diffusible com- 
ponents (CHO, A, B, C, and D). 
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The observations presented (Tables I and IL) suggest that each ragweed 
sensitive subject has an individual pattern of reactivity to the smaller molecular. 
size components: the data suggesting that most subjects are reactive to certain 
of these components and not to others, some are reactive to all, and a few to 
none; however, because of a scarcity of material, observations were made with 
only a single concentration of the dialysate fractions and, therefore, quantita- 
tive variations in reactivity have not been fully evaluated. 

Regarding the origin of the fractions of dialysate, it is possible that the 
process of dialysis or the action of lutidin on the extract results in a separation 
of active fragments from a larger complex antigen. Since the active diffusible 
components have been identified on chromatograms of whole ragweed extract, 
the process of dialysis does not seem to be responsible for the breakdown of a 
large complex. Since electrophoretic and ultracentrifuge studies have indicated 
the presence of a number of active components of small molecular weight" it 
seems further probable that the active diffusible fractions obtained from 
chromatograms are not the result of any solvent action on a complex but rather 
that they are native to ragweed extracts. 

This study demonstrates that paper chromatography is a valuable adjunct 
in the investigation of a crude antigenic material and the methods employed 
might profitably be applied to the study of other crude allergenic extracts. Rag- 
weed extract has been fractionated heretofore by electrophoretic techniques and 
by more classical chemical procedures. The fractions obtained in those studies 
have been difficult to evaluate and correlate since their chemical definition has 


in most studies been based on general qualitative chemical reactions. The 
methods employed in this study provide not only for a separation of the active 
components of ragweed extract but also provide extensive information concern- 
ing the composition of these components. 

A continuation of the present study of ragweed extract by paper chroma- 
tography, immunologic, and classical chemical methods is in progress. 


Acknowledgment: The authors wish to express their appreciation to Eugene Roberts, 
Pu.D. and Samuel Frankel, M.A., for their assistance in the preparation and interpretation 
of chromatograms, 
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THE ACCURACY OF THE REPORTED RAGWEED POLLEN COUN? 
AS A MEASURE OF THE ACTUAL POLLEN EXPOSURE OF 
INDIVIDUALS IN THAT COMMUNITY 


RicHarp 8. SHapiro, M.S., AND Rotanp Rooks, Pu.D.,* Iowa Crry, Towa 


HE atmospheric incidence of ragweed pollen is reported at the present time 

in terms of a single gravity sampler located on an ‘‘unobstructed roof of g 
tall, flat top building near the geographic center of a given community.’ The 
practicability of utilizing a single sampling station in such reports has been 
questioned. In a preliminary study,” it was found that in sampling by a stan. 
dard sampler at a residential site on a certain day, the pollen catch was 4 times 
greater than that reported at the central standard sampler located approximately 
2 miles away. 

In an attempt at control of the source, either by cutting or by suitable 
spraying of ragweed plants, a similar question arises. Can a single sampling 
station be used to measure accurately the expected decrease in atmospheric 
pollen by local control measures? These and similar questions cannot be an- 
swered at the present time due to insufficient study of the degree to which rag- 
weed pollen is actually air-borne over long distances and to what extent the 
dosage is determined by local dispersion of pollen from plants in the immediate 
vicinity of the patient. It was hoped that this study would provide a partial 
answer to the above questions. 

This investigation was concerned with the following closely related prob- 
lems : 


(1) A study of meteorological conditions influencing aerial and local dis- 
persion of ragweed pollen, 

(2) a field survey to determine the location and density of ragweed pollen 
plants within the city limits of a community located in a known high incidence 
area, and 

(3) the aceuraey of the reported ragweed pollen count as a measure of the 
actual pollen exposure of individuals in that community. 


PROCEDURE 


A field survey which consisted of a block-by-block canvass of the residential 
areas was made during the months of June and July. The density of ragweed 
growth was noted and the location was carefully marked on a suitable work 
map. The results were then transferred to a larger map (1 inch equal to 691 
feet) and, by the use of a planimeter, the approximate acreage of ragweed was 
determined. 

Ten sampling sites throughout the residential area were then selected to 
determine the local ground level dispersion of ragweed pollen. At each sampling 


*Department of Hygiene and Preventive Medicine, College of Medicine, State. Univer- 
sity of Iowa, Iowa City, Iowa. 
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station a standard gravity sampler was erected with the top of each sampler 
exactly 6 feet above, and with the sampler plane horizontal to the ground as 
determined by a suitable level. 

These were in addition to the central standard sampler which has been 
used for many years in reporting the pollen counts for this particular city. It 
is located on the topmost ledge of a tower on the Medical Laboratory Building, 
approximately 75 feet above the ground, well above the nearby trees, having no 
obstruction to air currents from any direction, and is approximately 300 yards 
from any known source of ragweed pollen. For the sake of clarity, this station 
will be referred to hereafter as the ‘‘central station’’ or ‘‘central sampler.”’ 

Vaseline-coated slides were collected from these samplers daily from August 
tenth through September nineteenth. In an attempt to decrease the sampling 
error, a total area of 5.42 square centimeters was counted for each slide. The 
total count was finally converted to pollen grains per cubic yard of air by using 
3.6 as the conversion factor.’ 

Pertinent meteorological data* were secured from the Weather Bureau Sta- 
tion at the close of the ragweed pollen season. It was hoped that these meteor- 
ological data when correlated with the pollen cateh per each sampler would add 
useful information as to the factors involved in the local dispersion of pollen 
and that a comparison of the pollen count from these ten samplers with those 
at an ideally loeated central sampler would explain to what extent a single 
sampling station represents the true pollen exposure of individuals in this com- 
munity. 

DISCUSSION AND RESULTS 


Meteorological Factors in Pollen Distribution and Prevalence.— 

Wind velocity—One factor in determining the local as well as the aerial 
distribution of pollen is wind velocity. Not only does the wind velocity deter- 
mine in part the dispersion of ragweed pollen from the plant but the wind veloci- 
ty is also important in that it does definitely affect the amount of pollen collected 
by the standard gravity sampler. 

The extreme buoyaney of ragweed pollen in terms of wind velocity is per- 
haps not generally appreciated. In a study by Crawford? on the specific gravity 
of ragweed pollen (Ambrosia elatior), it was found that the minimum velocity 
of dry air required to maintain pollen grains in an air-borne condition was 1.58 
em. per second. In arriving at this figure experimentally, there was a short lift 
given the pollen. Disregarding air turbulence, a horizontal air flow of 1.58 em. 
per second would be sufficient to overcome the force of gravity and produce air- 
borne pollen. This means that a horizontal air velocity of only 186 feet (0.035 
miles per hour) is sufficient to maintain, as air-borne, much of the pollen liber- 
ated into the air from a local souree. This does not mean, however, that such 
an air velocity would be sufficient to pick up in appreciable amounts pollen 
granules after they had settled upon the ground, on vegetation or other objects. 

Turbulence.—It would be rare indeed to have a horizontal air stream with- 
out turbulence. The earth’s surface as it is warmed by the sun is very un- 





*Supplied through courtesy of Professor Joseph W. Howe, Department of Mechanics 
and Hydraulics, State University of Iowa, Iowa City, Iowa. 
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equally heated. This results in upward and downward convection currents of 
air between ground areas that have been heated to different degrees of tempera. 
ture. Any obstructions on the earth’s surface such as buildings, trees and even 
the pollen plants themselves would serve to create additional turbulence. Long. 
streth* in his discussion of turbulence states that ‘‘below an altitude of 600 feet 
the wind proceeds in an unpicturable turmoil. Friction with field and wood 
and hill forms an irregular drag upon its undermost layer. The over layers 
stub their toes, stumble forward, fall down, turn somersaults, make mill-wheels, 
make spinners, fluctuate in velocity, rush and crowd and pick themselves up and 
go on.’’ Because of the low wind velocity necessary to maintain ragweed pollen 
in the air, it is believed that the dosage in the near vicinity of ragweed plants js 
dependent to a greater degree on air turbulence than on wind velocity. 

However, the actual pollen report in terms of the standard sampler is de- 
pendent in large part upon air velocity. This has been pointed out by Dur. 
ham® as well as by others.*.* Durham? states that ‘‘the proportionate catch of 
pollen on the gravity slides, as compared with that measured by the volumetric 
instruments, varied directly with the wind velocity.’’ He concluded’ that in 
‘strong winds there are upward as well as downward currents, and that wind 
impingement ean, under such conditions be responsible for most of the ‘gravity’ 
eateh.’’ Present slide counts in terms of the standard gravity sampler would be 
made a great deal more meaningful, if through additional experimentation a 
eorrection factor for wind velocity were available for the more common pollens 
and spores. 

In spite of the sampling error of the standard sampler with a varying 
wind velocity, it is a well-established fact that in most patients the severity of 
the symptoms correlate roughly with the reported pollen count. With an in- 
crease in the reported count, there is an increase in symptoms and many patients 
have their most severe symptoms during days with a high wind velocity. 

The inhalation rate of the patient being unchanged, one would not expect 
there to be any appreciable increase in the number of granules inhaled on windy 
days unless the plants discharged excessive amounts of pollen on such days. In 
our observations there is no evidence that this is true. There could be larger 
numbers impinged upon the conjunctiva on windy days just as there is upon 
vaselined slides because of the larger volume of air striking the conjunctiva. 
This raises the question as to what extent the conjunctiva may serve as a portal 
of entry. 

Sunshine and pollen production.—It has been demonstrated® that ragweed 
plants do not release pollen into the surrounding air at a constant rate. A 
large amount of sunshine with a sufficient wind velocity in the morning would 
provide for maximum release of pollen from the plant at this time of day. In 
an attempt to determine still further the effect of sunshine on the local dis- 
persion of pollen, 7 days were selected during which there was little or no sun. 
The pollen catch at each sampling site during these 7 days was compared with 
the pollen catch on seven days during which there was 90 per cent to 100 per 
cent sun. It was possible to control the effect of wind direction from local 
pollen plants and the wind velocity by proper selection of days during which 
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these two factors would be approximately the same. The 14 days studied were 
equally distributed throughout the actual pollen season from August fifteenth 


to September fourth. 

The average pollen count was 104 per cubic vard of air higher at each 
sampling station on those days having 90 per cent to 100 per cent sun than on 
days with no or little sunshine. 

Humidity and the pollen count—Markow and Spain® report that ‘‘a com- 
parison of the humidity curve with the symptom curve shows that they were in- 
versely proportional. The three peaks in the severity of symptoms occurred up- 
on days when there was the greatest drop in relative humidity.’’ 

An experimental approach to this problem indicates that this increase in 
symptoms with a decrease in humidity may be due to the fact that with a high 
relative humidity there is apt to be a marked decrease in the incidence of air- 
borne pollen. 

Samples (0.03 Gm.) of commercially collected ragweed pollen (Ambrosia 
trifida) were weighed out into clean Petri dishes. The pollen was discharged 
from the Petri dish into the air of an experimental chamber by a sudden jet of 
compressed air. <A circular fan was used for 60 seconds to provide for a homo- 
venous mixture of the pollen with the air. Immediately after the fan was turned 
off a suitable instrument'® was used to sample one eubie foot of air. <A series of 
readings was taken at a relative humidity of 35 per cent. A second series of 
readings was taken at a relative humidity of 81 per cent. The mean dosage of 
ragweed pollen collected with the relative humidity at 35 per cent was 236 
pollen grains per cubie foot of sampled air while with the relative humidity at 
81 per cent a mean dosage of only 82 pollen grains was recovered. 

In these readings and the readings that follow the ‘‘funnel device’’?® was 
used as the sampling instrument. With a slight modification of this device, 
sampling can be carried out by electrostatic precipitation with impingement or 
by simple impingement alone. As with an inerease in humidity there is a 
breakdown in efficiency in sampling by electrostatie precipitation all air samples 
were taken by simple impingement in the belief that humidity would have little 
or no effect on the sampling efficiency of this method. 

The effeet of relative humidity on the rate of ragweed pollen fall is further 
indicated in Fig. 1. In these readings the portable humidifier was placed within 
the experimental chamber such that it was possible to raise the humidity of this 
chamber to 98 per cent. 

The pollen was released into the air of the experimental chamber as in the 
former readings. <A cireular fan turned on for 60 seconds again provided for a 
thorough mixing of the pollen with the air of the chamber. Air samples were 
then taken at 7 time intervals. The sampling time of each air sample was 
exactly one minute, with the rate of air flow maintained at 0.5 eubie foot per 
minute. Thirty seconds were allowed between readings to change the vaseline 
coated slide used in the sampling instrument. The mean dosages of ten air 
samples taken at each of the seven time intervals were compared as shown in 


Fig. 1, 
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When pollen was introduced in this manner into an atmosphere with a low 
relative humidity of 35 per cent, 100 per cent was used to indicate the pollen 
collected by the first air sample which was taken immediately after the circular 
fan was turned off or at 0 in elapsed time in minutes (Fig. 1) after turning off 
the cireular fan. The first air sample, however, was actually taken one minute 
after the pollen was released into the experimental chamber as the cireular fan 
was kept on for one minute. The second air sample was started one minute and 
thirty seconds after turning off the circular fan but again actually represents 
two minutes and thirty seconds after releasing the pollen into the experimental 
chamber. 

When pollen was introduced into an atmosphere with a relative humidity 
of 98 per cent only 19 per cent as much pollen was collected by the first air 
sample as was collected at a relative humidity of 35 per cent. Again it might 
be pointed out that although this first air sample was started as is indicated 
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in Fig. 1 at 0 in elapsed time in minutes after turning off the circular fan, it 
represents one minute in time after introduction of the pollen into the air of the 
experimental chamber. In spite of air turbulence created by the circular fan 
a marked settling did occur. That this marked increase in settling -rate with 
an increase in humidity was not due to clumping was indicated during slide 
examination and counting. Very little clumping occurred on the vaseline 
coated slides used in the air sampler either at a low or high humidity. 

With a low relative humidity of 35 per cent, the air samples at the end of 
10 minutes showed that only 2.9 per cent of it remained air-borne, i.e., 97.1 
per cent must have settled out. By contrast, where introduced into an atmos- 
phere with the high relative humidity of 98 per cent practically all the pollen 
had fallen from the air (only 0.5 per cent remained therein). 
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These experimental readings suggest that under natural conditions, with 
a low wind velocity during the night, with less air turbulence than would be 
present during the day and with an increase in the humidity which is not un- 
common, one should expect a rather rapid fall in the atmospheric ragweed 


pollen. 
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The factors discussed above suggest the limitations of air filtering units, 
vacuum cleaners, ete., in completely removing ragweed pollen from homes in 
which it has had time to settle. Such pollen settles on furniture, drapes, bed 
spreads, walls, etc. where it cannot be reached by the devices mentioned above. 
During sweeping and dusting operations, bed making, ete., air currents may 
make such pollen air-borne for a transitory period, after which it rapidly 
settles again. It is very difficult indeed to remove pollen from a house once it 
has settled therein. 
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The Field Survey.—The lowa River traversing the city together with Ral. 
ston Creek provide for an excellent source of ragweed plants due partially to 
periodic floods and silting of bottom lands and banks. These two streams ae. 
counted for 55 per cent of the total ragweed acreage (Table I). The fact that 
ragweed seeds will germinate after being buried in sand for 40 years™ and that 
the fibrous coat of the seed is penetrated very slowly by water permitting it to 
be earried great distances by rivers and streams’? may also be responsible for 
these areas ranking first in a consideration of suitable local control procedures, 

The railroad right-of-way together with sidings was responsible for 30 per 
cent of the total ragweed acreage. Several deep cuts were necessary in the 
construction of the railroad within the city limits. The bare denuded soil, to- 
gether with the constant erosion year by year has provided for an excellent an- 
nual stand of ragweed. 


TABLE I, THE RAGWEED ACREAGE OF Iowa City, Iowa, 1950* 








NO. OF | 
ACRES | 





1. Railroad right-of-way and sidings 44 
2. Iowa River 41 
3. Ralston Creek 39 
4. Residential area 22 


Total ragweed area 146 acres 








*Iowa City—total acreage within city limits—3,315 acres. 


Third in importance was the residential area accounting for only 15 per 
cent of the total ragweed acreage. It is of interest to note that the indicated 
growth of ragweed on the spot map (Fig. 2), especially along the river, creek 
and railroad consists almost entirely of giant ragweed (Ambrosia trifida). These 
plants with thick, woody stems were 6 to 8 feet tall. A few short ragweed 
plants (Ambrosia elatior) were found in the residential areas, on an occasional 
empty lot or along a small home garden but even here the giant ragweed plant 
was predominant. 

It is obvious that control of ragweed plants within the city is not so much 
a problem of the individual property owner as it is a joint responsibility of the 
proper officials of the railroad and city. 

Control procedures as by cutting or spraying of ragweed plants along the 
river and creek would have to be carried out annually to be of most value due to 
the possibility that in these areas the seeds are in part water-borne. 

The total ragweed plant acreage within the city limits of Iowa City was 
found to constitute 146 acres. The ragweed production involves 4.4 per cent of 
the total area of the city (3,315 acres). With an estimated 60 pounds per acre’ 
this would amount to 8,760 pounds of ragweed pollen produced by plants 
within the city. 


It is important to point out that the city studied is surrounded by rolling 
farm land. No survey was carried out to measure the ragweed acreage in this 
area, but within a radius of five miles in any direction the pollen production is 
undoubtedly very high. 
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The Accuracy of the Reported Ragweed Count.—The results obtained in 
a comparison of the pollen catch per each of the 10 standard samplers lo- 
eated in the residential areas (Fig. 2) at ground level with a single standard 
sampler indicated in Fig. 2 by S would depend in part upon the location 
of the central standard sampler. As has been stated the sampling site used 
for a number of years in the reporting of ragweed pollen in this city, is the 
topmost ledge of a tower on the Medical Laboratories Building. The sampling 
station is 75 feet above the ground, is well above the tops of nearby trees, 
and has no obstruction to air currents from any direction. 

This sampling station is not centrally located from the standpoint of the 
city proper. It is however rather centrally located from any growth of ragweed 
plants. To the north, south and east from the centrally located sampler, rag- 
weed growth is indicated in Fig. 2. To the west from the sampler, no ragweed 
is indicated as this area lies outside of the city limits. It is known however that 
some ragweed growth does occur to the west along the railroad right-of-way. 
The centrally located sampler S is therefore quite equidistant from any known 
ragweed source. 

It was believed in making this comparison that the 10 samplers located in 
the residential areas would more nearly reflect the local ground level dispersion 
of pollen. Especially would this be true of those samplers intentionally located 
near a known source of ragweed and on those days with the wind from this 
source toward the sampler. The centrally located sampler used for the routine 
reporting of ragweed pollen on the other hand would indicate to a larger degree 
the over-all incidence of air-borne pollen for the area as a whole. 


Seasonal comparisons.—A seasonal comparison was first made by utilizing 
Durham’s'™® method of caleulating the pollen index. The results of this com- 
parison along with the apex dates are indicated in Table II. 


A wide variation in the ealeulated pollen index was found ranging from 
a low of 69 at sampling station No. 1 to a high of 114 at sampling station No. 3. 
The results reflect the proximity of ragweed in that station No. 1 is about as 
far from a known source as any of the stations and station No. 3 as near as any 
to a ragweed source. 

It is of interest to note, however, that the central standard sampler with an 
index of 99 is actually higher than most of the caleulated pollen indices for the 
samplers located in the residential areas. The pollen index for sampling stations 
known to be located near a ragweed source but with the prevailing winds in 
other directions than from the source and with air turbulence resulting from 
buildings and trees is actually lower in many instances than the pollen index 
ealeulated for the centrally located standard sampler. The reported incidence 
at the latter therefore does: not always indicate the minimum exposure of a 
patient in the community but may represent the maximum possible seasonal 
exposure. This being so, obviously on a seasonal basis, little would be accom- 
plished in this city by a city-wide attack upon ragweeds. To reduce the reading 
at the central sampler evidently a much wider area of control would have to be 
ineluded. 
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TABLE II. THE CALCULATED POLLEN INDEX DATE OF TEN STANDARD SAMPLERS LOCATED ty 
THE RESIDENTIAL AREAS AS COMPARED WITH A STANDARD SAMPLER CENTRALLY 
LOCATED IN THE SAME City, Iowa City, Iowa, 1950 








| AVERAGE | MAXIMUM 
| NUMBER OF _ | POLLEN | POLLEN 
SAMPLER | HAY FEVER | COUNT ON | GRAINS | RAGWEED | 
LOCATION DAYS PER ANY ONE SEASONAL POLLEN APEX 
BY NUMBER | SEASON DAY TOTAL INDEX DATE 
Standard* 36 832 10,893 99 71 
ao 575 6,048 69 9/1 
36 738 7,955 83 8/24 
34 2450 11,110 114 8/22 
38 1100 11,149 105 8/26 
34 474 6,333 70 9/1 
38 1230 10,025 100 8/24 
ay 620 8,070 84 8/24 
oo 739 7,997 79 8/24 
34 599 7,214 76 9/1 
36 682 8,227 84 
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ee ee located standard sampler, see Figure 2 for location of additional 
sampler. 





The mean pollen index of the 10 sampling sites located in the residential 
areas was found to be 86. A single centrally located standard sampler with a 
ealeulated pollen index of 99 does indicate the practicability of making seasonal 
comparisons of the ragweed pollen incidence of communities in terms of a single 
properly located sampler. 

It would also seem probable from these results that a single sampler, again 
properly located, will serve to measure the adequacy or inadequacy of plant con- 
trol or eradication procedures in this community when these procedures are 
carried out on a broader basis than on a local level. 

Daily pollen fluctuations:—A single centrally located standard sampler, 
however, does not indicate the marked daily fluctuations in exposure to ragweed 
pollen of the individual patient. This fact is indicated in Fig. 3. In this graph 


a comparison is made between the sampling site having the highest pollen index 
(No. 3), the site with the lowest index (No. 1) with the pollen concentration re- 
ported from the centrally located standard sampler. 

On August fifteenth a patient living at site No. 3 would have about 6 times 
the exposure as compared with the reported dosage at the standard location or 


12 times the exposure to ragweed pollen as compared with a patient living near 
sampling site No. 1. Similarly on August twenty-second the patient living at 
site No. 3 would have about 7 times the exposure to ragweed pollen as compared 
to the reported dosage at the standard sampler and about 9 times the exposure 
to ragweed pollen as compared with a patient living near sampling site No. 1. 

The physician can rely on the reported pollen index computed on the basis 
of a single standard sampler in determining the ease or difficulty in treatment 
on a seasonal basis. The physician cannot, however, with any degree of certainty 
rely on the reported daily reports in terms of a single sampler in determining the 
dosages necessary for successful desensitization. 

Local control measures would then be of some benefit on a daily basis to the 
individual patient living near a ragweed source and on those days when the pre- 
railing winds are from this source. However, Table II indicates that in only 
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3 instances was the maximum or peak concentration higher in the residential 
areas as compared with the maximum pollen concentration reported at the 
standard sampling site. Comparatively few patients then, depending on prox- 


imity of ragweed and prevailing winds, would be benefited by city-wide rag- 


weed control measures. 


700. 


FIGURE 3 


POLLEN GRAINS DAILY FLUGTUATION IN 
PER SQ.CM. RAGWEED POLLEN CONCENTRATION 
OF SLIDE DEPENDING ON SAMPLING SITE 
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Marked variations were found in the apex date or day at which the rag- 
weed pollen concentrations exceeded all other days for that particular location 
(Table Il). This may represent an actual difference in the maturing of rag- 
weed plants. It would seem more probable, however, that these results 
indicate still further the daily variations in pollen concentrations that may 
be expected in sampling at ground level. 


SUMMARY 


A field survey to determine the location and density of ragweed growth 
was made in a city located in a known high ragweed pollen area. Ten 
standard samplers were located in certain residential areas. Slides exposed for 
24 hours at each of these sampling sites were compared with the pollen catch 
reported in terms of a centrally located standard sampler. It was believed 
the 10 samplers located in the residential areas would determine the ground 
level dispersion of ragweed pollen, while the centrally located standard 
sampler would more nearly approximate the aerial transmission of ragweed 
pollen. 

|. This comparison indicates that on a seasonal basis, little would be 
accomplished by local ragweed control measures, if such were restricted to the 
city grown ragweed. 
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2. The ragweed pollen index in terms of a centrally located standard 
sampler is of value to the physician on a seasonal basis in that it does indicate 
to him rather accurately the ease or difficulty in treatment of patients living 
in the area. However, the daily reports in terms of a centrally located 
standard sampler do not indicate accurately the marked daily variations in 
pollen dosages to which the individual patient is exposed. 

3. Certain meteorological conditions, such as wind velocity, air turbulence. 
sunshine, and humidity influencing the local and aerial transmission of rag- 
weed pollen are discussed. 

4. This study also appears to show that a centrally located standard 
sampler in this community will have value in measuring the effectiveness of 
plant eradication programs when such programs are carried out on a broader 
basis than on a local level. 
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MYCOLOGICAL STUDIES IN THE SAVANNAH AREA—-1950 
B:> T. GrirritH, Px.D.,* SAVANNAH, GA. 


HE concept that molds are an important cause of inhalant allergy because 
Ti their widespread occurrence in the outside atmosphere was developed 
only a few years ago. However, it is now recognized that molds play a part 
second only to pollens in the causation of allergic symptoms. 

This paper is the result of a 12-month study made in the Savannah area on 
molds during the year 1950. The work was done in the Biology Department, 
Savannah State College, Savannah, Ga., indirectly in cooperation with the 
American Academy of Allergy. 

Some of the questions to which answers were sought in this study were: 

1. Are the fungi which are now recognized as causative agents of 

allergic symptoms found in the Savannah area? 

2. Are they present throughout the entire year? If so, to what extent 

are they present? 

3. Do the quantities fluctuate periodically ? 

4. Do eclimatie conditions have any effeets on the production and dis- 
tribution of these organisms? 


In order to attempt to answer the preceding questions, my interest was 
concentrated primarily on the following mold colonies and spores, some of which 
were suggested by the Committee on Mold Survey of the Research Council, 
American Academy of Allergy, and others because of their frequent occurrence 
as noted in a previous study. 














COLONIES SPORES 
Alternaria Phoma Alternaria 
Aspergillus Streptocylindrium Hormodendrum 
Botrytis Cephalothecium Helminthosporium 
Hormodendrum Mucor Rust 
Helminthosporium Tilachlidium Smut 
Penicillium Cephalosporium Cephalothecium 
Monila Torula Fusarium 
Yeast Rhizopus 





Materials and methods used in this study were about the same as those used 
by other investigators on similar work, which is already familiar to the readers 
of the JoURNAL OF ALLERGY. 

This study has disclosed that the fungi which are now recognized to be 
pathogenic to some individuals of the human race are present in the Savannah 
area, and the majority of them are present the entire year. The number fluctu- 
ates periodically, and also they vary from day to day in the same month. But in 
this paper, I am reporting the monthly counts of both the spores and colonies. 

From the total number of spores and colonies counted, the percentage for 
each mold has been calculated in its respective group. They are: 

*From the Department of Biology, Savannah State College, Savannah, Ga. 
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COLONIES PER CENT SPORES PER CENT 
Alternaria 14.50 Alternaria 10.65 
Aspergillus 17.06 Hormodendrum 11.97 
Hormodendrum 13.24 Aspergillus 23.39 
Helminthosporium 6.55 Helminthosporium 11.25 
Penicillium 6.47 Smut 51.67 
Monila 6.85 Rust 12.50 
Phoma 4.83 
Streptocylindrium 4.87 
Cephalothecium 4.56 
Mucor 5.08 
Tilachlidium 2.45 
Cephalosporium 4.09 
Torula 4.83 
Rhizopus 4.56 


There were other fungi observed in this study which appeared rather in- 
frequently throughout the year. This number was relatively small in compari- 
son with those listed above; the total number of these would amount to about 
5 per cent of the total number reported in this paper, and their identities remain 
to be completed. 


TABLE I. TWELVE-MoNTH COLONY DISTRIBUTION 





DEC.|TOTAL 





























NAME OF COLONY | JAN.|FEB.|MAR.|APR.| MAY| JUNE| JULY|AUG.|SEPT.|OCT.| NOV. 
Alternaria 45 15 20 26 35 77 76 85 105 93 63 50 690 
Aspergillus 37 10 15 30 62 112 144 127 74 88 66 47 812 
Hormodendrum 18 8 17 26 47 88 113 129 93 46 3 24 =630 
Helminthosporium 5 0 5 11 49 33. 47 66 43 24 20 10 ~= 311 
Penicillium 1] 2 @ te 25 38 45 58 40 20 24 15 £308 
Monila 15 9 WW I A 40 54 53 35 20 28 17 326 
Phoma 6 0) 3 5 22 39 48 74 18 10 9 2 230 
Streptocylindrium 6 4 4 8 16 29 37 64 28 16 12 8 232 
Cephalothecium 7 0 2 5 3 32 40 32 238 16 20 9 2% 
Mu’or 7 5 2 12 32 37 42 22 24 28 20 11 242 
Tilachlidium 1 0 2 4 17 23 28 16 18 4 6 0 Fi 
Cephalospori :u e 36 > §6©«6 «86—l85CO81:SC15 C9 «618 616 D195 
Torula Ii 9 12 27 27 26 33 3 15 15 13 230 
Rhizopus 6 1 } 7 20 30 33 37 28 25 16 HL 2i7 

Total 4,757 





TABLE II. TWELVE-MONTH SPORE DISTRIBUTION PER SQUARE CENTIMETER 











NAME OF SPORE | JAN.|FEB.|MAR.|APR.| MAY|JUNE|JULY|AUG.|SEPT. |OCT.|NOV.|DEC.|TOTAL 


Alternaria 16 Fs io FF ae 49 68 75 44 45 29 20 411 
5 18 61 197 152 96 48 21 9 462 














Hormodendrum + 0 3 
Aspergillus 47 19 14 27 47 78 157 148 92 90 77 68 864 
Helminthosporium 19 6 8 12 17 27 49 134 80 438 31 25 434 
Smut 67 38 10 7 25 97 167 248 212 136 117 98 1,222 
Rust 15 2 0 #3 10 55 147 8 26 46 49 27 465 

‘roval __ 3,858 





Part of this study compares rather favorably with similar studies in other 
areas, and varies greatly with others. The factors that are responsible for these 
variations need further study. During the summer months, the molds are much 
more widespread, which means that temperature is an important factor in mold 
reproduction, but there are some warm periods in the Savannah area during 
the winter months which had no apparent effects similar to the effects of the 
summer months on the abundance of mold colonies. However, it might have heen 
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that the duration of the warm periods during the winter months was not 
sufficient to cause a noticeable increase in the number of mold colonies and mold 
spores. Other climatic conditions, such as, cloudiness, raining, ete., had no 
effects on the production and distribution of molds as observed in this study. 
This has led me to believe that climatic conditions are not the only essential 
factors in controlling the production and distribution of molds. 

Other problems of interest have arisen from this study which might be 
worthy of further investigation. The one that interested me most was the con- 
tamination of the plates with undetermined insect larvae. The eggs from which 
these larvae arose were wind-borne ; and they entered the Petri dishes during the 
12-minute periods of exposure along with the spores. Hence, the development 
of the eggs and spores occurred simultaneously. After about the fifth day of 
incubation, the larvae began destroying all colonies of fungi. Whether these 
larvae were using the fungi for food, or certain chemicals were excreted from 
their bodies in their efforts to survive, are still unknown and will receive further 
study. 

SUMMARY 

This study shows that: 

1. The fungi, which are now recognized as causative agents of allergic 
symptoms, are found in the Savannah area throughout the entire year. 

2. The number fluctuates from season to season, showing the greatest con- 
centration from April through November. 

3. Fluctuation apparently is controlled by other factors in addition to 
climatic conditions. 


Thanks are due William G. Tyson, M.D., a practicing physician in Savannah, Ga., for 
his assistance and keen interest in this study. 
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NICKEL AND COBALT DERMATITIS 


ADOLPH ROSTENBERG, JR., M.D.,* AND ALFRED J. PERKINS, PH.D.,** 
Cuicago, ILL. 


T IS a matter of common knowledge that nickel is a potent eczematous sensi- 

tizer in industry as well as in the more casual nonindustrial contacts. There 
have been many reports of dermatoses which attest to this. Cobalt is a less 
ubiquitously used metal than nickel, and consequently, it would not appear to 
be so important from the medical point of view, but for reasons that will be 
presented, we feel it is probably as important as nickel. It is the purpose of 
this paper to describe briefly some of the sourees for encountering nickel and 
cobalt, to present a case of eczematous sensitivity to these metals, and to dis- 
cuss certain theoretical aspects concerning e¢czematous sensitizations which 
this case illustrates. 


SOURCE AND USES OF NICKEL AND COBALT 


These are best shown by the tables, which make no pretense at being ex- 
haustive or complete; however, it is believed they cover the principal situations. 
Table I lists the major possibilities for industrial contact with nickel. 


TABLE I. INDUSTRIAL CONTACTS WITH NICKEL 


Mining and refining ore 
Nickel plating 

Many alloys 

Industries using these alloys 
Contaminant of cobalt 


Table If lists the chief alloys containing nickel or cobalt and their quali- 
tative compositions. Table IIT gives articles utilizing nickel-containing alloys, 
and Table IV lists the most common sourees for encountering cobalt. 


NONSPECIFIC FACTORS AFFECTING THE DEVELOPMENT OF A SENSITIZATION 
TO NICKEL OR COBALT 


These factors are especially important in industry, but they also play a 
role in casual nonindustrial contacts. In industry, one of the most important 
factors influencing the development of a sensitization to either of these metals 
is irritation arising from any source. The irritation as a rule is from two 
causes: (a) concomitant substances such as solvents used for degreasing objects 
to be plated, or (b) cleansers the workmen use on themselves. Either of these, 
by causing some degree of inflammation in the skin, apparently favors the de- 
velopment of a sensitization. Such an observation has experimental verification. 
Landsteiner and Di Somma' found that in guinea pigs the sensitizing effect of 
picric acid was definitely enhanced by applying the material to previously in- 
flamed skin. Environmental factors also influence the development of a derma- 


*Department of Dermatology and Allergy Unit, University of Illinois College of Medicine. 
**Department of Chemistry, University of Illinois College of Pharmacy. 
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titis. Bulmer and Mackenzie? in a study of ‘‘nickel rash’’ came to the follow- 
ing conclusions : 

‘1. An insufficient cooling power in the worker’s environment is the most 
important single factor in the causation of nickel rash. 

“2 An increased skin temperature allied with an alkaline sweat increases 
the irritability of the exposed parts, lowers their resistance, and increases their 
susceptibility to irritation. ”’ 


TABLE II. ALLOYS CONTAINING NICKEL OR COBALT 


NAME “QUALITATIVE COMPOSITION* 
Fo C Ce 


Z 
g 


Allegheny metal, 
Enduro metal 


Alnico Ni Co Al 
Chromel Ni Cr 

Coin alloys Ni Cu 
Constantan Ni Cu 

Duralium Cr Co Ni Mo Be 
German silver Ni Zn Cu 
Hastelloy Ni Cu Al Mo 
[lium Ni Cr Mo Cu Fe 
Invar Ni Fe C 
Manganin Ni Cu Mn 
Monel metal Ni Cu Fe Mn 
Nichrome Ni Fe Cr Mn 
Nobilium Cr Co Ni Mo Be 
Permalloy Ni Fe Co 
Platenite Ni Fe C 


Stainless steel Varying compositions—Fe Cr Ni Mn Si C 


(Allegheny metal is one) 


Stellite 
Ticonium 
Vitallium 


Co Cr W C 
Cr Co Ni Mo Be 
Cr Co Ni Mo Be 





*The qualitative composition should be interpreted as giving a possible make-up for the 
alloy in question rather than the exact composition, in as much as in some instances certain of 
the ingredients are optional. 


TABLE II]. ARTICLES UTILIZING NICKEL-CONTAINING ALLOYS 


Chemical apparatus 
Cutlery 
Coins 
Decorative purposes on automobiles and 
buildings 

Electrical resistances in 

common household articles 

various physical apparatus 
Electrical equipment 
Hardware 
Heating units in household appliances 
Jewelry 
Kitchen equipment 

sinks 

table tops 

cabinets 
Medical and dental alloys 
Meter and yard scales 
Pendulum rods 
Propeller and turbine blades 
Sheet metal work 
Sporting goods 
Stainless steel objects 
Surveyor’s tape 
Wire gauze and screens 
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Schwartz and associates,* in a study of dermatitis arising in a factory 
manufacturing cemented carbides, believed that a dusty atmosphere containing 
cobalt particles favored the development of a sensitization to the cobalt. 

















TABLE IV. 
INDUSTRIAL ~ NONINDUSTRIAL 


Mining and refining ore Cutting tools 





POSSIBLE SOURCES FoR ENCOUNTERING COBALT 











Making of cobalt alloys Pigments 
Stellite alloys Tattoo pigments 
Tungsten carbide industry Adhesive of fly paper 
Carboloy Alloys used in medicine 
and dentistry 
Glass industry Duralium 
Ceramic industry Nobilium 
Enamels Ticonium 
Pigments Vitallium 
Contaminant of nickel* Vitamin B,, 
Electrical industry Contaminant of nickel* 


*It is important to realize that all commercial nickel contains some amount of cobalt 
as a contaminant. Because of their close chemical similarity it is not possible to separate 
them completely at a cost compatible with the ordinary commercial uses of nickel. 





CASE REPORT 























W. B., a 23-year-old white man, had noticed for many years that at the site of con- 
tact with metal he would develop a dermatitis. As it had never been particularly severe, 
he had not sought medical attention. However, he shortly contemplated marriage, and as 
he intended wearing a wedding band, he wondered whether he would develop a dermatitis 
at the site of the band. For this reason he came in for advice. At the time he was first 
seen he presented a papulovesicular eruption around the left wrist which corresponded to 
the location of his wrist watch strap. In view of the history that he reacted to almost 
any metal, he was tested with a wide variety of metals in order to determine the range 
of his sensitivities. Table V lists the materials with which the patient was first tested. 





TABLE V. 





DIAGNOSTIC PATCH TESTING 





RESULT 





MATERIAL 
Chromic nitrate 
Chromic chloride 
Potassium dichromate 
Cobaltous nitrate 
Copper (cupric) acetate 
Ferric chloride 
Ferric nitrate 
Ferrous sulfate 
Ferric sulfate 
Gold (auric) chloride 
Manganous chloride 
Potassium permanganate 
Nickelous nitrate 
Platinie chloride 
Silver nitrate 
Zine nitrate 0 








+ 


oot © cootocoo 


+ 
+ 
oot 


All chemicals applied as a 2 per cent aqueous solution. All readings at 48 hours. 














As is seen from Table V, the patient gave a strong positive patch test reaction to 
cobalt and to nickel and a weaker one to gold. In order to determine the degree of sensi- 
tivity, tests were made with dilutions of nickel and cobalt. On patch testing he reacted 
to cobaltous nitrate in concentrations as low as 1 part in 10,000. In the ease of nickel he 
did not react to concentrations below 1:200. 
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Intradermal testing was done, and Table VI gives the results of these tests. 


TABLE VI. INTRADERMAL TESTS 








“CONCENTRATION 











————————— 





SUBSTANCE FORMULA | REACTION 
Cobaltous nitrate Co(NO,),:6H,O 1:10,000 ++ 
Cobaltous nitrate Co(NO,).°6H,O 1:100,000 ip 
Nickelous nitrate Ni( NO,).°6H,O 1:10,000 ce 
Nickelous nitrate Ni( NO,).:6H,O 1:100,000 + 
Vitamin B,, (Cobione) 1:100,000 f 


~~ a volume of 0.02 to 0.03 ml. injected for each test. All tests read at 48 hours. Normal 
controls tested with above were negative. 

It is interesting to note that the patient gave a delayed tuberculin type reaction to 
vitamin B,, (Cobione*) which is known to be a cobalt-containing compound. Apparently 
this is the first report of a sensitivity to the crystalline vitamin B,,.t 








Fig. 1.—Reaction the patient experienced from wearing a jacket having metal clasps. 
The patient is lying on his back and the involved areas are on the superior aspect of the right 
shoulder. 


Further evidence of the sensitivity of the patient is furnished by Fig. 1, which shows 
the reactions the patient experienced from contact with metal clasps. The patient worked 
as a pharmacist and wore a jacket which was fastened over the shoulder with three metal 
clasps. At the site of contact with each clasp a papulovesicular dermatitis developed. 


These clasps were investigated and found to contain nickel. 

*Merck & Company, Inc., Rahway, N. J. 

+Recently, Young, Ulrich and Fouts* reported a patient who reacted to a vitamin Biz 
concentrate, but the patient did not react to the crystalline vitamin. 
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One of the problems in eczematous sensitizations that has both theoreticg] 
and practical interest is the exact nature of the sensitizing allergen. There js 
reason to believe that the simple chemical itself does not cause the development 
of the sensitivity, but that a combination of the simple chemical with some 
bodily constituent (presumably protein) is the complete antigen (Landsteiner 
and Jacobs’ and Gell®). Assuming this to be true, and were the nickel com- 
bined in vitro in such a fashion that it could not unite with protein, then when 
this synthesized nickel compound was put into a sensitized host (assuming the 
combination formed in vitro to be stable) there would not be a reaction. To 
test this hypothesis, two compounds, namely hexammine nickel (IL) bromide and 
tri-ethylenediamine nickel (II) bromide were synthesized and their ability to 
elicit patch test reactions in the patient compared with nickelous nitrate. The 
results are shown in Table VII. It is important to realize that all of these 
compounds were tested at identical molarity, which means that the equal vol- 
umes of the solution employed provided equal numbers of combined nickel 
atoms. If a difference in reaction was then obtained with the test solutions this 
could only be ascribed to the fact that the amount of nickel available to the 
body as nickel ions varied in the different compounds. In view of the fact that 
all 3 were in solution, the difference in availability could only be attributed to 
the degree to which these compounds dissociated. For the purposes of this 
discussion, the dissociation of nickelous nitrate can be considered as complete 
or 100 per cent; that of hexammine-nickel (II) bromide can be considered as 
roughly one-half that of the nickelous nitrate, whereas the dissociation of tri- 
ethylenediamine nickel (II) bromide can be considered as zero when compared 
to the other two. Our patch test results paralleled the extent of the dissociation, 
which would be evidence for the fact that nickel, in order to elicit a reaction 
in the sensitized host, has to be able to combine with the tissues.* 


TABLE VII. COMPARATIVE PATCH TESTS WITH NICKEL COMPOUNDS 














SUBSTANCE __ | FORMULA ‘| REACTION | 
Nickelous nitrate Ni(NO,).-6H,O +} 
Hexammine nickel (II) bromide Ni(NH,) Br. ie 


Tri-ethylenediamine nickel (II) bromide Ni(NH.C.H,NH,),Br, 0 


All tested at 0.02 M strength. 


All readings at 48 hours. 





It is believed that in eezematous sensitizations where the complete antigen 
is formed in vivo it at least in part leaves the site of its formation by way of 
the lymphatics (Rostenberg’:*). Our patient afforded us an interesting visual 
corroboration of this. Fig. 2 shows a lymphangitie reaction which oceurred 
at the site of an intradermal injection of one of the cobalt solutions. The 
illustration shows a lymphangitie streak extending up toward the axilla. This 
reaction appeared approximately 24 to 48 hours after the injection. One 
naturally thinks of the possibility of an infection with such an occurrence, but 
*Similar experiments were done with cobalt salts, but the results were not satisfactory. 


We believe the failure in the case of cobalt can, however, be explained on grounds that do 
not alter the argument but that would not be profitable to discuss at this point. 
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the solution had previously been checked for sterility and was again checked 
after the reaction was noted and was found to be sterile. The same solution 
was used on several others without any reaction being noted. It is, of course, 
possible that at the moment of making the injection a few organisms were intro- 
duced. There is no way to disprove this possibility. This type of lymphangitie 
reaction has been described by Haxthausen® and one of the substances which 


yielded such a reaction was nickel. 


Fig. 2.—Lymphangitic streak extending toward axilla after an intradermal test to cobalt. 
Photograph is of volar aspect of right arm. 


It is interesting both from the practical and theoretical points of view that 
nickel and cobalt are relatively cross reactive. Table VIII gives the results 
reported in the literature of simultaneous testing with the 2 elements. 

The cross sensitivity of nickel and cobalt is not, we believe, sufficiently well 
appreciated and has, of course, obvious practical importance. It indicates that 
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TaBLE VIII. RESULTS OF TESTING WITH NICKEL AND COBALT IN THE SAME Patient 





SemennCna nape 
SENSITIVE TO 





ay ‘NUMBER OF | SENSITIVE | SENSITIVE TO | 
AUTHOR | CASES TO BOTH | NICKEL ALONE | 








Cormia and 4 
Stewartlo 

Goldman?! 2 

Haxthausen12 12 

Rabeau and 4 
Ukrainezyk13 

Rostenberg and a| 
Perkins 

Stewart!4 1 

Total 24 12 











a person who is intensely sensitive to the one element is most likely sensitive to 
the other and, indeed, if he is not sensitive at the time of testing will almost 
certainly develop a sensitivity to the other. This means that when a metal or 
an alloy is to be substituted for either nickel or cobalt the substituent should 
be free from both. The importance of this is wel] brought out in the report 
by Deissler and Sheets,!® whose patient developed a dermatitis from a metallic 
denture. On testing she was found to be sensitive to nickel, and accordingly a 
denture was made from a nickel-free alloy but the patient reacted just as 
violently as before. On further investigation it was found that she was also 
cobalt sensitive, and that the new alloy contained cobalt. Had the facts just 
related been known, the cobalt-containing alloy would never have been em- 
ployed. 

On the theoretical side it at first glance seems odd that there should be a 
cross reaction between two different elements, for in immunologic reactions in 
general, and eczematous sensitizations in particular, one ordinarily has a high 
degree of specificity. For example, in the ease of persons sensitized to 2:4 di- 
nitrochlorobenzene the body distinguishes the positional isomers of dinitrochloro- 
benzene and reacts most strongly to those bearing the closest resemblance to 
the original sensitizing isomer (Rostenberg and Kanof'*®). As was pointed out 
in that article, it would appear that for a person to react to a simple chemical 
other than the one to which he was sensitized, the new compound must be able 
to form conjugates which have a geometric (stereochemical) resemblance to the 
sensitizing compound. Now when the types of functional groups of proteins 
with which cobalt and nickel are likely to react are considered, it is seen that on 
the basis of present chemical knowledge it is not possible to assert that there 
would be a difference. For instance, both cobalt and nickel form coordination 
compounds with amine groups, sulfhydryl groups, hydroxy groups, oxime 
groups, and 6 diketones, among others. The stability of the linkages is greater 
when two functional groups are on the same molecule so that ring formation, 
including the metal atom in the ring, can take place. There is only one sig- 
nificant difference from a chemical point of view in the types of compounds 
formed by these two elements. As trivalent cobalt forms much more stable 
coordination compounds than divalent cobalt, the compounds formed in the skin 
would presumably have cobalt in a trivalent form for oxygen from the air is 
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sufficient to oxidize divalent cobalt to trivalent cobalt in the presence of co- 
ordinating reagents; whereas, nickel would stay in the divalent condition. 
Furthermore, the trivalent cobalt always forms 6 such linkages, whereas nickel 


usually forms only 4 linkages. 

When the geometrical configuration of these compounds is considered in 
light of present knowledge it is again not possible to assert that there would be 
a significant difference. All that can be said with confidence is that in con- 
sidering the possible linkages formed between these metal atoms and materials 
in the skin, the difference between the radii of the links with cobalt or with 
nickel are quite small, of the order of 0.05A°. 

So it is seen that in the case of both nickel and cobalt, conjugates (linkages) 
with similar spatial configurations would be formed and it is thus reasonable 
that they should cross react. 

A more difficult problem to answer is why compounds of several other ele- 
ments such as chromium, copper, and platinum do not also cross react, since 
these elements show quite similar reactivities toward the functional groups just 
mentioned. That these last mentioned elements do not yield cross reactions 
in an individual eczematously sensitive to nickel and to cobalt would seem to 
indicate that there are serious defects in the knowledge of the chemical proper- 
ties of these elements and perhaps that the chemistry of these substances with 
living tissues is not the same as in the test tube. 

Finally, it has been mentioned that this patient was also sensitive to gold. 
The problem arises: was his gold reaction another example of a cross reaction 
or was it an independent sensitization? It is believed that it was of the latter 
nature for several reasons: (1) Quantitatively the intensity of the sensitivity 
to gold was much less than to either cobalt or nickel. (2) This combination is 
apparently a unique one, that is, the literature, as has been mentioned, gives 
many examples of cross reactivity between nickel and cobalt, but none between 
gold and either of these. It would therefore appear as if the development of 
sensitivity to gold in this case was a fortuitous event and not immunologically 
related to the other sensitizations. (3) If the sensitization to gold stemmed from 
the cobalt-nickel sensitization there is no chemical reason known why the pa- 
tient should not also have been sensitive to several other metals, especially 
platinum, and he was not. It is realized that none of these reasons decisively 
answers the question as to the nature of the sensitization to gold but it is felt 
that the weight of the evidence preponderantly favors the view that it was an 
independent unrelated sensitization. Until more chemical knowledge is avail- 
able no final answer can be given. 


SUMMARY AND CONCLUSIONS 

1. Sources for encountering nickel and cobalt are listed. 

2. The role of nonspecific factors, such as agents conducive to cutaneous 
inflammation, humidity, and dust, in the genesis of eczematous sensitizations 
is discussed. 

3. A case of a man extremely sensitive to nickel and to cobalt and less so 
to gold is deseribed. 
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4. This is the first report of a man who gave a delayed tuberculin type 
reaction to crystalline vitamin B,, (Cobione). 

5. It was shown that in order to get a reaction nickel had to be in an ayail- 
able form, presumably so that it could unite with the tissue proteins. 

6. An example of a lymphangitie reaction to an intradermal test with 
simple chemical is given. 

7. The cross reactivity of nickel and cobalt was considered and the im. 
portance of this from the practical side was pointed out. On the theoretical 
side possible reasons for the cross reactivity were advanced and the many de- 
fects in our knowledge were emphasized. 
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A STUDY OF THE INCIDENCE OF CLINICAL AND IMMUNOLOGIC 
(REAGINIC) ALLERGY IN A GROUP OF MEDICAL 
STUDENTS* t+ 


HyMAN MILER, M.D., Beverty HILis, CaALir. 


INCE 1945 the senior medical students of the University of Southern Cal- 
S ifornia Medical School have provided an opportunity for the study of the 
incidence of allergy in a population group that has several homogeneous 
qualities. The study was made during a course in allergy in which informa- 
tion on the students was obtained from their family and personal histories 
of allergy and from the results of their skin tests. The present report presents 
a portion of the data thus accumulated and a discussion of some of the unique 
aspects of these data. 

NATURE OF THE SAMPLE 


From September, 1945, to June, 1950, 254 senior medical students took 
the course in allergy as part of their regular medical curriculum. Because 
of absences and other circumstances beyond control, not all of these students 
provided information for every phase of the statistical study. 

The average age of the students at the time of taking the course was 26.7 
years. The youngest student was 20 years of age and the oldest 39 years. The 
median was 25 years. The homogeneity as regards age is evident and the 


group of medical students as a whole belong to the 20- or 30-year-old age group. 
This age group, according to the Bureau of Census, represents approximately 
one-fifth of the population of the United States. 

Women constituted only 0.5 per cent of the group. 


METHOD OF OBTAINING INFORMATION ON THE INCIDENCE OF 
CLINICAL ALLERGY 


Since 1945 each student has filled out a short questionnaire. This ques- 
tionnaire was so formulated that data and criteria necessary for valid elassifi- 
cations of the students both as to their personal history of allergy and that 
of their parents and siblings could be obtained. Personal interviews by the 
author frequently supplemented the questionnaire which follows: 


QUESTION NAIRE 
ON PERSONAL AND FAMILY HISTORY OF ALLERGY 


. Were you ever allergic? (Give age periods.) 

. What makes you think so? 

. Are you still allergic? 

. Have you ever been skin tested? (Give results.) 

. Were you ever treated for allergy? (Give brief summary.) 

3. Summarize your allergic family history, including parents, siblings, 


* 
) 


Oo oe wl 


children. 


*From the Division of Allergy of the Department of Medicine of the University of 
Southern California Medical School and the Allergy Clinic of the Los Angeles General Hospital. 


+Read by title at the Seventh Annual Meeting of the American Academy of Allergy, 
New York, N. Y., Feb. 5-7, 1951. 
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TYPES OF ALLERGY INCLUDED 
From the answers to this questionnaire and from personal interviews 
when answers were unclear, the students were classified as being cliniedlly 
allergic or nonallergic. In making this classification, clinical allergy was 
identified by the description of unequivocal symptoms of reaginic eezema 
of either the infantile or adult type, hay fever, seasonal or perennial, and 
bronchial asthma. In other words, the classification was made on the basis 
of the presence of ‘‘major allergy’’ as defined by Vaughan’ and Pipes.’ 


METHODS, MATERIALS, AND SCOPE OF SKIN TESTING 


The information concerning skin reactivity was obtained from uniform 
skin tests done by the students on each other. A broad but well-defined set 
of test allergens was used (Table I). All readings of reactions were made 
by the author. Both serateh (puncture) and intradermal tests were done. 
For the scratch test highly concentrated allergens were used, being applied by 
lightly twirling into the skin of the volar surface of the forearm the two small 
prongs resulting from partially nipping off the eye of a straight 18G stain- 
less steel surgical needle. The pointed end of the needles were impaled in the 
rubber stoppers of the bottles containing the allergens in which the pronged 
ends were bathed. 


TABLE I. List oF ALLERGENS USED FOR SKIN TESTING 








TRAY NO, 4 
Cod 


TRAY NO. 3 
1. Carrot 


TRAY NO. 1 TRAY NO. 2 





_ 


1. Alnus rhombifolia 
2. Juglans californica 
. Olea europea 
. Platanus racemosa 
5. Populus fremonti 
3. Quercus agrifolia 
. Bromus rigidus 
« Cynodon dactylon 
. Distichlis spicata 
. Holcus halepense 
. Lolium multifiorum 
. Poa annua 
. Amaranthus retroflexrus 
. Chenopodium album 
. Ambrosia psilostachya 
. Artemisia californica 
. Artemisia vulgaris het. 
. Franseria acanthicarpa 
. Atriplex lentiformis 
. Salsola kali 


. Barley 

. Buekwheat 
. Corn 

. Oat 

. Rice 

. Rye 

. Wheat 

. Egg white 


). Cow’s milk, whole 


10. 
ii 
12. 
13. 
14. 
15. 
16. 
kee 
18. 
19, 
20. 


Cow’s lactalbumin 
Banana 
Grape 
Olive 
Orange 
Peach 
Pineapple 
Watermelon 
Navy bean 
Soy bean 
Cabbage 


. Celery 
3. Lettuce 
. Onion 
. Green pea 
. White potato 
. Tomato 


« 
~) 


ot 


nw 


. Cocoa 


2. 
10. 
i i i 
12. 
Us: 
14. 
15. 
16. 
Wie 
18. 
UO: 
20. 


Almond 
Brazil nut 
Cocoa nut 
Peanut 
English walnut 
Beef 
Chicken 
Lamb 
Pork 
Rabbit 
Turkey 
Clam 


TY Ot ye 


. Halibut 
. Salmon 


Shrimp 
Mixed feathers 
Cat hair 


. Cattle hair 
. Dog hair 
9, Goat hair 
. Horse hair 
. Rabbit hair 
. Wool 
. Cottonseed 
. Kapok 
5. Orrisroot 
. Pyrethrum 
Wi. 
18. 
19. 
20. 


Derris 

Silk 

House dust 
Alternaria 





Intradermal tests were done only with those allergens which did not give 


positive reactions by the scratch method. In order to eliminate equivocal 
reactions as far as possible, only reactions graded 2, 3, and 4 plus were con- 
sidered positive for the purposes of this study. 

Allergens of proved activity and specificity were used. Only the 2 groups, 
20 pollens (Table I, Tray 1) and 15 miscellaneous inhalants (Table I, Tray 4, 
numbers 5 through 20) were used for intradermal tests, but all groups, total- 





rm 
Set 
ade 
ne, 

by 
all 
\in- 
the 


MILLER: CLINICAL AND IMMUNOLOGIC ALLERGY 477 


ing 80 substances, were used for the scratch test. The data compiled do not 
include information concerning reactions to intradermal tests with food al- 


lergens. 
DATA OBTAINED 

Incidence of Clinical Allergy.—There were 235 students who gave sufficient 
information in the questionnaire, and of these 109 or 48 per cent could be 
classified as allergie. 

In 79 instances the students indicated the age of onset of their clinical 
symptoms. There were 69 or 87 per cent who stated that their symptoms be- 
gan hefore 20 years of age, that is, before entering medical school. 

Of the 109 students reporting the presence of clinical symptoms, 12 or 11 
per cent stated that they had had no symptoms for at least one year prior to 
answering the questionnaire. In 3 instances this followed specific treatment. 

One product of the questionnaire was the information obtained on the oe- 
eurrence of allergy among the parents of these medical students. Of the 254 
parents on whom information was obtained, 48, or 18 per cent, were reported as 
having suffered from the symptoms of major allergy. 

Incidence of Immunologic (Reaginic) Allergy—Skin tests were done on 
240 students. Of these 134 or 56 per cent gave positive reactions. 

Relationship of Skin Reactions to Clinical Symptoms.—As a result of the 
skin tests and history, 216 of the students could be classified into 4 groups* : 


Group 1. Negative history and negative tests (39 per cent). 
Group 2. Positive history and positive tests (45 per cent). 
Group 3. Negative history and positive tests (15 per cent). 
Group 4. Positive history and negative tests (5 per cent). 


It will be noted that if either or both criteria are used (Groups 2, 3 and 4), 
that 61 per cent of the medical students were allergic. 

In the preceding grouping, ‘‘positive history’’ indicates the presence of 
symptoms either at the time of testing or prior. There were 44 students with 
positive skin reactions who had no symptoms at the time of testing, and of 
these 10, or 22 per cent, had had symptoms in the past. 

Incidence of Positive Heredity and Relationship to Clinical Symptoms and 
Skin Reactions ——The data on heredity were based on a one-generation family 
history. The limitations of such data are acknowledged by Vaughan and 
Black.'!. It is nevertheless customary in medical practice and provides the 
generally accepted basis for many of the conclusions on the relationship of 
heredity to allergy. Nor can the error be eliminated which is introduced by 
living forebears whose eventual classifications as allergic or nonallergie are 
still in abeyance. Despite these limitations the presentation of such data has 
proved useful. 


*To check on the validity of such positive reactions, passive transfer tests were done 
on several students who gave a negative clinical history of allergy but who gave positive 
skin reactions. In each instance the passive transfer test was positive, indicating the presence 
of reagin, thus leading to the conclusion that positive skin reactions even in the face of 
no clinical symptoms of allergy are a proof of immunologic (reaginic) allergy. 
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The presence of major allergy in the parents was reported by 177 stu- 
dents. The following groupings, identical with those described in the previous 
section, give the incidence of positive heredity: 


Group 1. Negative history and negative tests, 75 students, positive fam- 
ily history, 6 (8 per cent). 

Group 2. Positive history and positive tests, 70 students, positive fam. 
ily history, 26 (37 per cent). 

Group 3. Negative history and positive tests, 23 students, positive fam- 
ily history, 8 (34 per cent). 

Group 4. Positive history and negative tests, 9 students, positive family 
history, 3 (33 per cent). 


It is to be noted that whether the diagnosis of allergy is made on the basis 
of history or skin tests or both, the incidence of positive heredity is about 35 
per cent. 

Surveys on the Incidence of Clinical Allergy.—The present survey on the 
incidence of major clinical allergy in a group of medical students shows an 
incidence of 47 per cent. This is at considerable variance with the results of 
some other more or less comparable surveys. 

Jimenez,* in his report on 7,000 students at the University of Michigan 
answering a written questionnaire, found 12 per cent with a history of asthma, 
hay fever, or eczema. 

Service, from a personal interview sampling of a city of 35,000 popula- 
tion, estimated that 22.6 per cent of the inhabitants showed some form of.al- 
lergy. This ineluded clinical symptoms not classified as major allergy in the 
present study. 

Scheppegrell®> estimated 1.5 per cent of the population had hay fever, 
based on answers to a questionnaire sent out by the United States Public 
Health Service to all the physicians of Louisiana. 

Coea, Walzer, and Thommen* estimated less than 1 per cent of the popula- 
tion had hay fever. 

Spain and Cooke’ coneluded that 3 to 5 per cent of the population of New 
York and its vicinity had hay fever and asthma, and estimated that 7 per cent 
of the population had some form of hypersensitiveness. 

Piness and Miller? found 3 to 4 per cent of the population of two small 
desert company communities volunteering to see an allergist made available 
to them gratis through their company health service. 

Rowe?® found an incidence of clinical allergy of 35 per cent from a ques- 
tionnaire answered by 400 unsolicited university students and nurses. Al- 
though he stated, ‘‘The history of recurrent headaches or chronic indigestion 
was not used. as evidence of allergy in compiling my statisties,’’ the description 
of his questionnnaire leaves this claim ambiguous. 

Vaughan,’ by personal interview, found 10 per cent of the people in a 
small community to have symptoms of major allergy. 

Pipes,’ in a similar survey, found 13.6 per cent to have symptoms of major 
allergy. 
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In a preliminary report on the 1937 National Health Survey’? it was es- 
timated that over 2 per cent of the population suffered from asthma and hay 
fever. 

In the present report it was noted that 18 per cent of the parents of the 
medical students reported symptoms of major allergy. 

The variations in these reports might be explained on variations in the 
methods and eriteria used for sampling and for establishing the diagnosis of 
elinieal allergy. For example, the higher estimates of Rowe,® 35 per cent, and 
Service,‘ 22.6 per cent, may be due to their broad definition of allergy which 
included migraine, gastrointestinal disturbances, and so on. As opposed to 
these, the estimates of those authors whose methods and criteria most closely 
approached our own, such as Jimenez’ 12 per cent, Vaughan’s 10 per cent, 
Pipes’ 13.6 per cent and our group of parents 18 per cent, included only those 
individuals suffering from major allergies. As for the low estimates of Schep- 
pegrell, Coca, Spain and Cooke and others, which range from less than 1 per 
cent to 7 per cent, one can hardly hazard an opinion. 

In comparison with the highest estimates given in previous surveys it is 
evident that the medical students showed a high incidence of clinical allergy. 

Skin Tests as a Measure of the Incidence of Allergy—aA positive history 
coincided with positive tests in 82 per cent of the students (Groups 1 and 2). 
In a given individual one might be present without the other (Groups 3 and 4). 
A negative history with positive tests (Group 3, 13 per cent) oceurred in al- 
most one-fourth of those who gave positive skin reactions. In other words, 
almost one-fourth of the medical students who gave positive skin reactions 
had never had clinical symptoms of allergy. 

There have been several theories offered (summarized by Walzer,® p. 332) 
to explain the presence of positive skin reactions in the absence of clinical 
symptoms. Walzer suggested that positive skin reactions may be a temporary 
response, may represent potential clinical allergy, or merely an evidence of a 
past clinical allergy. That the last in certain cases has validity may be con- 
cluded from another section of the sample. 

Thus, 22 per cent of the students with positive skin reactions who had no 
symptoms when tested had had symptoms in the past. This explanation might 
not hold in that section of the sample in which there had never been clinical 
symptoms. 

Since the 13 per cent positive reactors without clinical symptoms must be 
classified as allergic, the incidence of allergy by all criteria is raised to 61 
per cent. 

To explain this high incidence of allergy several possibilities present 
themselves: first, the age of the group, second, heredity, and third, some 
heretofore unrecognized factor. 

The Influence of Age on the Incidence of Allergy.—The survey of Jimenez* 
is the only one in which the age group dealt with is comparable to the one to 
which the medical students belonged. Jimenez’ group of college students, 
in which he reported an incidence of 12 per cent of clinical allergy, probably 
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averaged some years younger at the time his data were obtained. As shown, 
87 per cent of the medical students stated that their symptoms began before 
20 years of age. 

It is apparent that among the medical students concerned the incidence of 
allergy is not a characteristic of their age group. Age apparently does not ex. 
plain the high incidence of allergy. 

The Influence of Heredity on Immunologic and Clinical Allergy.—Data al- 
ready presented show that there was a positive heredity in approximately 35 
per cent of the allergic medical students, whether they were classified as al- 
lergice on the basis of clinical symptoms alone, positive skin tests alone, or both, 

Among the nonallergic students only 8 per cent had a positive family 
history. 

This is a significant difference even though the incidence of 35 per cent 
is less than that frequently reported. 

It is apparent, however, that there was not an unduly high incidence of 
positive heredity among the medical students. The hereditary factor, there- 
fore, does not explain the high incidence of allergy among them. 

Data Suggesting an Unrecognized Influence on the Incidence of Allergy.— 
There are 2 features in the data which suggest that some influence other than 
age and heredity was operative. Of the students who gave positive skin re- 
actions, 25 per cent had never had clinical symptoms. Of the students with a 
positive heredity and positive skin tests, 34 per cent had never had elinical 
symptoms. . 

This implies that despite the allergic constitution, the stimulus to the pro- 
duction of clinical symptoms of allergy was lacking. 

Psychosomatic Factors as a Possible Explanation of the High Incidence of 
Allergy Among Medical Students.—There was one common attribute in the to- 
tal group under discussion, namely, that the members of the group were all 
medical students. The question arises whether the choice of a medical career 
is more often made by allergic or potentially allergic individuals, especially 
since 87 per cent of the allergic medical students developed allergic symp- 
toms before entering medical school. There can as yet be no definitive answer, 
but certain observations point the way toward further research which might 
answer the question posed. 

As Alexander and French’? and others have pointed out, psychosomatic 
mechanisms are important in the symptomatology of allergic individuals. 
These are the products of an interplay between a constitutional factor, allergy, 
and eertain personality traits and life experiences. In the light of the fore- 
going data the possibility suggests itself that psychologic examination of 
medical students might reveal such an interaction between an allergic con- 
stitution, certain personality traits and life experiences, including symptoms of 
elinieal allergy. It might also tie in with the choice of a medical career. 


SUMMARY 


From September, 1945, to June, 1950, 254 senior medical students of the 
University of Southern California Medical School provided information on 
their family and personal histories of allergy and were skin tested. 





al 


rO- 


MILLER: CLINICAL AND IMMUNOLOGIC ALLERGY 481 


An ineidenee of 47 per cent of clinical allergy and 56 per cent of im- 
munologie allergy was found. When either clinical or immunologic allergy 
was present there was an incidence of 61 per cent. The unusually high in- 
cidence of allergy is compared with that of other surveys. Of those with 
positive tests, 25 per cent had never had clinical symptoms of allergy. Thirty- 
four per cent of the students with a positive hereditary history and positive 
tests had never had clinical symptoms of allergy. 

Since the sample studied was made up entirely of medical students, the 
possibility is suggested that some psychologic factor growing out of personal- 
ity traits and life history interacting with an immunologically allergic con- 
stitution may have influenced both the production of symptoms and the choice 
‘a medical career. 
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Editorials 





THE ROLE OF ACTH AND CORTISONE IN THE TREATMENT 
OF ALLERGIC DISEASE 





Two years have passed since the first studies of the therapeutic use of 
ACTH in allergic disease, which were reported at the First Clinical ACTH 
Conference. These early reports expressed conservative optimism as to the 
practical value of such therapy and were built around the hope that the 
hormone might prove a valuable tool in elucidating the mechanism of allergy, 

Since that time hundreds of cases of the common allergic diseases have 
been treated with ACTH or cortisone and many of the elinicians handling 
these patients have collaborated with endocrinologists, immunologists, and 
chemists in attempts to determine the mode of action of these drugs. Reports 
of the results of these elinical and investigative studies have crowded the 
programs of meetings and the contents of journals devoted to allergy. These 
later contributions, while lacking the news value of their predecessors, have 
served an invaluable purpose in affording a background for critical evaluation 
of these drugs in practical therapy. 

It is now apparent that ACTH and cortisone are two of the most potent 
drugs available for the temporary symptomatic relief of severe intractable 
bronehial asthma. The control of really severe status asthmaticus with the 
drugs previously available, such as aminophyllin, epinephrine, oxygen and 
sedatives, frequently succeeded only in perpetuating respiration and a barely 
tolerable existence, but a majority of similar patients treated with the hormone 
preparations are within a few days restored to comfort and a sense of well- 
being. With the assurance that an intravenous injection of aminophylline will 
not be needed in the early morning hours both patient and doctor ean face a 
more restful night. The asthmatic who enters the hospital in an exhausted 
and depleted state may leave shortly in relatively robust health. 

On the other hand, it has also become evident that even prolonged use 
of these drugs does not change the allergic state and that a recurrence of 
chronic symptoms may be expected at any time after treatment is discon- 
tinued. Reports of remissions lasting from a few days to several months after 
treatment may be taken to indicate that there is no lasting effect on the tend- 
ency to asthma and that the time of recurrence depends merely on the under- 
lying cause. If any allergist has feared that his highly developed techniques 
of allergic diagnosis and treatment may become as obsolete as the typing of 
pneumococci, he may rest assured that specific measures are still more valuable 
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than these drugs in the long-term treatment of cases to which they are 
applicable. It is doubtful if ACTH or cortisone will often be necessary or 
warranted in treatment of purely extrinsic asthma, but they are a weleome 
addition to the therapy of those patients with stubborn intrinsie asthma which 
have often resisted attempts at specific treatment. 

Since these hormones are known to profoundly alter the physiologic 
functions of the body, the early investigators wisely foresaw the possibility of 
many changes in addition to the desired therapeutic effect and attempted to 
safeguard their patients by elaborate studies of blood chemistry, circulatory 
function, endocrine and mental status, repeated at frequent intervals. The 
complexity and number of these tests tended to discourage the use of these 
drugs by physicians not associated with large medical centers. However, as a 
result of these careful studies and present knowledge of dosage, it is now 
possible to safely treat patients by the combination of close clinical observation 
and moderate use of the laboratory facilities available in all modern hospitals. 
With such care, the relief of severe asthma to be expected in patients without 
pre-existing diabetes, tuberculosis, or cardiac, renal or mental disease, by the 
use of these drugs over periods of one to two weeks, far outweighs the 
probability of serious side effects. One need not anticipate the full-blown 
symptoms of Cushing’s syndrome as an alternative to those of allergy. On 
the other hand, individual reactions vary and these drugs should not be used 
unnecessarily or without proper observation of the patient. 

With proper supervision and dosage, ambulatory treatment has been 
safely and effectively continued when necessary over periods of weeks or 
months. This type of maintenance therapy is greatly facilitated by the 
demonstration that cortisone is efficacious when given orally. The need for 
prolonged treatment can be judged only in the individual case, but where it 
exists, a course of continuous control has obvious advantages over repeated 
cycles of treatment and relapse. 

A practical point which must often be considered is the cost of treatment, 
amounting to several dollars a day with either drug. However, in really 
severe asthma where the alternative may be prolonged hospitalization with 
consequent loss of time from profitable employment, and often large additional 
expenses for private nursing eare, and oxygen therapy, these relatively ex- 
pensive drugs may prove a great economy. Recent studies of the slow 
intravenous administration of ACTH indicate that this route gives not only a 
quicker but also a greater therapeutic effect per milligram of drug, thus re- 
ducing the cost of treatment. 

Much that has been said in relation to asthma applies equally to the treat- 
ment of severe allergic dermatitis of either the atopie or the contact type. 
The efficacy of these drugs is less clearly established in hay fever and chronic 
urticaria; further studies of the results in these diseases are needed. 

Those who use these drugs in allergic patients must bear in mind that 
ACTH itself is a foreign protein and several instances of sensitization to it 
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have been reported at the Clinical ACTH Conferences. In such eases, the 
ordinary therapeutic doses represent a tremendous amount of antigen and 
the possibility of a serious reaction is very real. From the steroid nature of 
cortisone, the occurrence of immediate allergic reactions to it appears unlikely, 

In contrast to the rapidity of the adoption of these drugs in practieca] 
therapy, knowledge of their mode of action in allergic disease is disappoint- 
ingly lacking. Application of essentially all available research techniques has 
failed to yield a satisfactory explanation. Titrations of sensitizing antibody, 
skin reactions to allergens and histamine, and reactions in the visible mucusae 
do not show changes adequate to explain the obvious therapeutic effects. This 
field still offers the ingenious investigator an opportunity not only to improve 
treatment by placing it on a more rational basis but also to extend the knowl- 
edge of allergic mechanisms. 





INJECTIONS DURING THE POLIOMYELITIS SEASON 


Several reports have suggested that in paralytic poliomyelitis the paralysis 
is statistically more often localized in the extremities in which injections of 
certain biologic products, such as pertussis vaccine and toxoids, have been in- 
jected within a month of the onset of the poliomyelitis. There is no published 
evidence that such injections influenced the incidence of poliomyelitis or of 
paralysis in those affected by the disease. As a precaution, the New York City 
Board of Health has discontinued its program of prophylactic injections of 
pertussis vaccine and diphtheria and tetanus toxoids during the summer months 
and, together with the New York State Department of Health, advised private 
practitioners to do likewise. 

Since the mechanism of relationship of injections to paralysis was not 
established, considerable discussion was aroused as to the risk, if any, involved 
in giving other biological products, such as penicillin, adrenalin, and pollen ex- 
tracts, the administration of which could obviously not be deferred if any 
benefit was to be expected. A survey of clinic records by the New York 
Allergy Society failed to reveal any indication that allergen injections af- 
fected the incidence of poliomyelitis or residual paralysis, but allergists were 
left with trepidations on a medico-legal if not a scientific basis. Subsequent 
statements from the New York State and City Health Departments have 
clarified the situation by suggesting that the restrictions on injections be 
limited to such elective prophylaxis as whooping cough vaccine and diphtheria 
and tetanus toxoids, which may reasonably be deferred to the fall. 










EDITORIAL 485 


More investigations are needed to establish a scientific basis for opinion 
in the matter, but pending results of these, allergists are justified in carrying 
out any allergic injections that are needed by their patients during the sum- 


mer months. 





Erratum 


In the article by Swineford and Reynolds entitled ‘‘Studies in Bacterial Allergy. 
V. Persistence of Desensitization, With Bacterial Haptens, of Guinea Pigs Sensitized 
Passively With Heterologous Serum,’’ which appeared in the July issue of the Journal, on 
page 353, in Table IV, the second column heading should read as follows: 


Sensitizing 
Antiserum, 
Type I & II 
(EP.) (MEE;) 





Book Reviews 





Somatic and Psychiatric Treatment of Asthma. Edited by Harold A. Abramson, M.D,, 
1951, Baltimore. The Williams and Wilkins Co. 751 pp. $11.00. 


The prevalent custom of collaboration in writing of medical books reaches an extreme 
in this volume in which 34 authors contribute to the discussion of treatment of a single 
disease. The result is a collection of essays on numerous subjects more or less related to 
the title of the book, rather than an integrated account of the main topic. Considered 
individually, some of the chapters are excellent, some unduly wordy, some belabor personal 
prejudices at length. After all of this, the reader is left without a clear practical idea of 
how to treat asthma. 

One hundred and fifty pages devoted to basic concepts contain a large amount of 
material on the physiology and psychodynamics of respiration, experimental asthma and 
experimental neurosis, but less than one page is devoted to the pathology of the disease 
under discussion, and none to the pharmacology of the drugs employed in its treatment. 

The classification of types of asthma remains confused throughout the book. Asthma due 
to chemicals, sera, and biologicals is classed as intrinsic asthma. The classification of 
infective asthma is accepted by some and rejected by other contributors. There is no 
specific discussion of its treatment. Penicillin aerosols are discussed at length but no specific 
recommendations are made concerning their use in asthma. The administration of antibiotics 
by other routes is not discussed. Radical surgical treatment of sinusitis associated with 
severe asthma is advised by one author and questioned by another. 


Despite the title, psychiatric treatment of asthma is not given a predominant position. 
The existence of purely psychogenic asthma is questioned, and psychic factors are considered 
contributory causes in asthma which is associated with an antibody mechanism. The section 
on psychotherapy comprises less than one-tenth of the text. 


Immunology by N. P. Sherwood, Ph.D., M.D., 3rd Edition, 1951, St. Louis, The C. V. 
Mosby Co., pp. 731, $8.00. 


This textbvok, designed for the medical student, contains considerable material of 
interest to the allergist seeking to refresh or enlarge his knowledge of fundamental prin- 
ciples. Unfortunately, modern quantitative methods of precipitin determinations and 
complement fixation are not included, and without them the quantitative viewpoint is lost. 
The chapter on allergy is remarkable inasmuch as it includes discussions of ‘‘correct breath- 
ing’’ and ACTH as treatments of asthma but there is no description of hyposensitization by 
injections of allergens. Numerous references are given for extensive study of the subjects 
discussed. 





